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1. INTRODUCTION. 

The chief direction in which the tobaccos of North-East 
India can be improved is in the introduction of superior quality. 
Many of the varieties at present grown give large yields and are, 
in consequence, very profitable, but the cured leaf produced 
from them is, as a rule, of very poor quality and is coarse, 
deficient in texture, flavour and aroma. For this reason it can be 
used for Indian consumption only, and, conseqiiently, fetches 
a very low price. Improvements in the quality of tobacco 
may be obtained in three ways: (1) by the discovery of new 
methods of cultivation by which healthy growth is promoted 
and a larger yield and a better quality of leaf produced ; (2) by 
the introduction of improved methods of curing; and (3) by 
the growth of superior kinds. Some of the work done at Pusa 
on the cultivation of tobacco has already been published.’’ - 
The investigations on curing are still in progress and jt is hoped 
to publish shortly the results obtained. The present paper 
deals entirely with the third aspect of the question and is a 

^ Howard & Howard, Memoirs of the Department of Agriculture in India, Bot. Sor. 
Vol. Ill, No. 1, 1910. 

* Howard, Agricultural Journal of India, VoJ. II L, 1912. 
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continuation of the work already published as “ Studies in 
Indian Tobaccos, No. 2, The Types of Nicotiana tahacum, L. ’” 
In that paper an account was given of the work done with regard 
to the study of varietal characters and the isolation of pure 
forms. The stability of the type was discussed and it was shown 
that there is no foundation for the belief, often expressed, 
that the uniformity of type in any particular kind is easily 
disturbed by its introduction into a new locality. If cross- 
pollination be prevented, varieties or t3rpes of N. tahacum 
remain as constant as those of other species of plants. This 
result has recently been confirmed in America by Hasselbring.* 
The methods of pollination were also studied and fifty-one pure 
types were isolated. These types have since been maintained in 
pure culture in the Botanical Area at Pusa and have bred true 
to type from year to year. They form the material with which 
the investigations, now to be described, have been carried out. 

With regard to the improvement of the variety, the 
immediate problem at Pusa is the production of a good cigarette 
tobacco. The chief requirements in a cigarette tobacco for 
growth in Bihar arc : — 

1. General robustness and rapidity of growth, both in the 
seedling and later stages of the plant. 

2. A plant of medium height with many leaves and short 
internodes. 

3. Fairly broad leaves with small veins, so that the cigarette 
paper may not be damaged in the process of manufacture. 

4. Yellow colour in the cured leaf. 

5. Good texture in the cured product. 

6. Good flavour. 

The characters in which the local tobaccos are most 
deficient are those of texture and flavour. Several kinds have 
been found possessing a fair colour. 

® Howard & Howard, Mernoira of the Department of Agriculture in India (Bot. 
-Ser., Vol. Ill, No. 2, 1910. 

♦ HasseJ bring, Botanical Gazette^ Vol, LIII, No. 2, 1912. 
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Many attempts have been made in the past to introduce 
into India the best varieties of cigarette tobacco from America, 
but the results have been disappointing. This is due to several 
causes, some of which are avoidable. In the first case, in- 
sufficient care was taken to prevent cross-pollination, and the 
introduced varieties, by crossing with the indigenous crop, 
deteriorated. In the second place, many of the varieties were 
unsuited to Indian conditions by their habit of growth. The 
• practice in America of topping at a high level has favoured the 
growth of tall kinds, which carry their best leaves well above the 
ground, making low or medium topping impossible. This is 
a serious disadvantage in the plains of India, where high winds 
freipiently occur and damage tall varieties or those with thin 
leaves. Another defect was noticed in all the American varieties 
tried at Pusa, nanioly, the slow growth of the seedlings. 
Although sown at the same time as the indigenous varieties, 
transplanting could only be carried out a fortnight or ten days 
later in the case of the American kinds, and there was a corres- 
ponding lag all through the growth period. This is a very great 
disadvantage in Bihar, where one of tlie .secrets of success in 
tobacco-growing lies in the maximum utilization of the growth 
period from October to mid December. During this period, the 
temperature is still high enough for rapid growth to take place 
and the soil still contains plenty of moisture. After the 
middle of December, when the temperature falls, growth is much 
less rapid, and the plant should then be nearing maturity and 
be ready to be cured about the end of January, in order to avoid 
the dry hot winds which do so much damage during the latter 
process. A crop, which through lack of food materials or 
through the lateness of the variety makes little growth during 
October and November, remains more or less stationery during 
December and January and begins to grow again as the temper- 
ature rises in February. Such plants seldom attain any great 
size, and very frequently do not ripen evenly. The difficulty 
in curing the product during the period of the hot west winds is 
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an additional disadvantage. Owing to lateness and want of 
robustness, the 3deld of the American varieties is far below that 
of the coarse local kinds and this would be fatal to their 
successful introduction. 

The chances of improving the quality of Indian tobacco 
by the introduction of a new variety from America are therefore 
not great. It will be necessary to build up, by hybridization, 
new kinds of tobacco, suited to Indian conditions of growth, 
which possess in addition the qualities necessary to obtain a 
better price. Fortunately, the introduced American kinds, 
although they lose their colour by the native method of curing, 
nevertheless maintain their good texture and flavour, the chief 
points in which the Indian tobaccos are deficient. Thus by 
combining these desirable qualities with those of an indigenous 
tobacco, which is robust and possesses a suitable habit of 
growth, a very great improvement might be effected. Un- 
fortunately, however, although tobacco is grown over so large 
a portion of the world, very little work has been done on the 
hybridization of this crop and little is known as to the 
inheritance of the various characters which are of economic 
importance. As in hybridization lies the greatest chance of 
producing a permanent improvement in the tobacco grown in 
the plains, and as it is possible to obtain at Pusa all the facilities 
necessary for such an enquiry, it was decided to take up the 
question and to make a thorough investigation of inheritance in 
this crop, beginning with those morphological characters which 
are of economic importance, namely, those concerning the 
habit of the plant and the leaf. The subject has proved to be 
far more complicated than was at first supposed, and the present 
paper must be considered to be a preliminary one only. It will 
probably take some years to obtain a complete knowledge of the 
subject. 

Besides its economic importance, there is another point 
of great interest involved in the genetics of N. tabacum. Most 
of the characters are concerned with the size of organs, and the 



INTRODUCTION. 


29 


inheritance of these can only be determined by quantitative 
means. The importance of a thorough study of the inheritance 
of characters, which can be accurately measured, instead of 
depending on observation alone, has been pointed out by many 
writers.'- Until recently, most of the investigations on inheri- 
tance, undertaken from the Mendelian standpoint, have dealt 
with characters of a qualitative nature, that is, they have 
dealt with characters which depend on the presence or absence 
of a particular attribute, such as colour, hairs or awns. Forms in 
which these attributes are absent occur and can be used as 
analysers, and the observations are restricted to a detection of 
the presence of the character involved. By a judicious use of the 
analysers and a careful analysis of the progeny, it is generally 
possible by observation alone to determine the principles under- 
lying the inheritance. Characters connected with the size of 
organs present more difficulty. In the first place, no absence of 
the character is possible and no analysers exist. Take, for 
instance, the height of a plant or the length of a leaf, a plant 
without height or a leaf without length is inconceivable. Thus 
in such characters we arc dealing with difference in degree only ; 
observation is insufficient and measurement must be employed. 
In the second place, such characters are generally very sensitive 
to changes in environment and show marked fluctuating 
variability. Such fluctuating variability may be inherent in 
the plant, or may be directly due to the influence of the environ- 
ment on the character under consideration, or indirectly to the 
effect of the environment on the general vigour of the plant. 
Should the changes due to fluctuating variability be greater or 
almost as great as the differences in the characters under investi- 
gation, they may obscure or entirely mask the effects of inheri- 
tance. East^ was one of the first to point out that so-called 

^ Tanimes, Hecueil dea Travaux Botaniques Nierhindais^ Vol. VJll, 1912 

* NiUson-Ehle, Kreuzimgsnntersuchungen an Haftr und Weizen, Lund, 1909, 
Kreuzxmgsuntersuchvngen II, Lund, 1911. 

* East, The American Naturalist, Vol. XLIV, 1910 
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continuous variation was capable of a Mendelian interpretation. 
The whole subject of the inheritance of characters with fluctu- 
ating variability has been very ably dealt with recently by both 
Tammes' and Nilsson-Ehle.'^ The latter was the first to show 
that characters, which to the eye appear similar, may in reality 
bo due to different genes which are inherited independently. 
The red colour of the pericarp of some wheats is composed of 
three factors, each of which will independently produce a red 
colour, although less intense in tone than that due to the com- 
bination. Recent work everywhere endorses the complicated 
nature of most characters and has resulted in a large increase 
in the number of factors recognised, Avhile at the same time the 
visible effect due to each factor appears smaller. In the paper 
quoted above, Nilsson-Ehle discusses fully the question of 
fluctuating variability and variation in general, and points out 
that fluctuating variability may only exist as an effect of 
environxTicntal influence. If the nximbcr of factors n is large, the 
number of homozygotic combinations possible will be much 
larger, i.e., 2' and the differences between these combina- 
tions will be smallei' than the differences between the factors 
themselves. If the heterozygotic forms arc intermediate in 
value between the homozygotic combinations, we may obtain a 
continuous scries in the Eg generation and as the combinations of 
middle values occur most frequently, the form of the curve, 
obtained in a graphic representation of the E, generation, will 
resemble that of an ordinary frequency curve. The hetero- 
zygotic combinations, which occur at different points on this 
curve, will in the Eg and succeeding generations give a progeny 
which varies within much smaller limits than those of the Eg. 
Assuming a large number of small factors, this is sufficient to 
explain all variation which is not induced by environment. 
A plant which exhibits small fluctuations in any one character 
may be heterozygotic as regards that character and it should be 


^ TainmoH, l.c. 

* Nilsson-Fihle, l.c. 
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theoretically possible to extract different types which breed 
true from it. In practice, however, errors of measurement and 
observation or environmental influence may be too great for such 
types and their heterozygotes to be distinguished. From these 
considerations as well as the experimental evidence of his own 
researches, Nilsson-Ehle concludes that there is no inherent 
difference in the mode of inheritance between quantitative and 
qualitative characters and that all variations may be placed 
in two groups : — 

1. Variations which are inherited. 

2. Variations which are not inherited and which are prob- 
ably entirely due to changes in the environment. 

It is obvious that the larger the number of factors in 
which the parents differ and the greater the effect of environ- 
ment, the more difficult it becomes to separate the factors or to 
determine the exact mode of inheritance. If wc consider the 
case of two parents, which differ from one another in three 
factors, there will be in the F^ generation eight hoinozygotic 
combinations and nineteen heterozygotic, which, in general, 
will lie between the hoinozygotic forms. Thus we obtain a series 
containing twenty-seven stages between the two parent forms. 
If the original difference between the parents is not very large, 
these forms Avill lie very close to one another. If, in addition, 
environmental differences supervene, the limits of variation of 
one form will very soon overlap those of the next or even of 
several others, in fact, in many cases, the limits of the two 
parents themselves overlap. 

Taking these facts into consideration, it is not surprising 
that up to the present in no case has the inheritance of the size 
of an organ been entirely elucidated and the various factors 
determined. All that has been possible has been to show that 
segregation undoubtedly occurs and that the facts are in accor- 
dance with the Mendelian interpretation and with the existence 
of many factors, all capable of being inherited independently. 
In the investigations described in this paper it has been possible 
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not only to show segregation in many of the characters, but also 
to isolate forms resembling the parents as well as some new 
constant forms differing from either parent. 

The most thorough examination of the inheritance of 
characters connected with the size of organs are the investiga- 
tions of Tammes^ on the length and breadth of the seed and 
the length and breadth of the petal in Linum. The size of the 
seed was found to be practically unaffected by the environment 
and therefore formed very suitable material for such work. The 
limits of variation and the co-efficient of variability were care- 
fully determined for each parent. It was found that while the Fj 
generation was intermediate between the parents, the second 
generation could not be separated into groups, but formed a 
continuous series, and that, in many cases, no individuals could 
be found which resembled the parents. In the generation 
no individuals breeding true or resembling either parent could 
be found but the limits of variation were smaller than in the 
F 2 and differed in each case, the combined variation covering the 
limit of variation of the F^ generation. These results point to 
the existence of several factors with segregation. The various 
intermediate heterozygotio forms would naturally contain fewer 
heterozygotes than the F, generation, and would therefore vary 
within smaller limits. 

East and Hayes,’*^ in 1911, published similar results on size 
characters in maize, such as height of the plant, length of cobs, 
weight and size of seeds, but in most cases the investigations 
were not taken beyond the second generation. 

Three investigations on the characters connected with the 
size of the organs in tobacco have been published, but in no case 
have the investigations been carried beyond the second gener- 
ation. Lock,^ in 1909, published a preliminary note of some 
species crosses in the genus Nicotiana, the characters considered 

^ Tamiru*s, Lc. 

* East and Hayes, Bulletin ] (H, Connecticut Agricultural Experiment Station^ 191 1. 

® Lock, Annals Boyal Botanic Gardens y Peradeniyay Vol. IV, 1909. 
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being the colour, shape and size of the corolla. As the investiga- 
tion is complicated by the fact that species crosses were 
employed with consequent sterility and as it is admittedly only 
a preliminary account with very few data, it need not be further 
considered here. 

A much more important paper dealing with N. tabacum only 
was published by Hayes* in 1912. The correlation and inheri- 
tance of various characters such as the height of the plant, 
number of leaves, average area of the leaves, average width and 
average length of the leaves, were investigated in hybrids 
between various pure types of American tobacco. Full details 
are given of the measurements, but in no case have the cultures 
been carried beyond the second generation. It was found 
that the variability in the F, generation and the parents was 
similar but much greater in the Fo generation. These results 
are most easily explained by the presence of a large number of 
small factors with segregation. As regards the correlation 
between these characters, the co-efficient in all oases was found 
to be less than +. 5, except in the case of the length and width of 
the leaf, where a distinct plus correlation was found. The 
conclusions, as regards the individual characters, will be con- 
sidered in more detail in the separate sections dealing with each 
character in Chapter IV, but it may be remarked here that 
although the results are undoubtedly valuable, many of the 
measurements are taken in what appears to be a somewhat 
arbitrary manner. For example, the number of leaves counted 
is not the total number of leaves borne on the main stem of the 
plant, but the number of leaves which occur between the fifth 
leaf from the ground and the last leaf on a topped plant, this 
representing the total number of leaves generally harvested. 
Such numbers have an economic but no physiological meaning. 
Similarly the height is measured to the last leaf counted, not 
to the end of the main axis of the plant. As the habit of growth 
of the American types used is very similar, discrepancies due 


^ Hayes, Bulletin 171, Connecticnl Agricultural Experiment Station, 1912. 
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to this method of measurement are not so great as they would 
be in the case of many Indian tobaccos (see Plates I and II). 
Nevertheless these arbitrarily chosen points cannot give the 
expression of the true physiological activity of the plant as 
regards height and number of leaves. 

A third paper on tlie inheritance of quantitative characters 
in Nicotiana is that published by Goodspecd.* In the first part 
of these investigations a comparison is made between the weight 
of the seeds obtained by hybridization and the plants produced 
from these seeds. N. tahacum var. macro’phylla, a variety with 
heavy seed, and N. iabacAwi var. virginica, a variety with light 
seed, were employed as parents. The seeds of the F, generation 
were divided into three groups, heavy, light and medium, and it 
is stated that in the plants raised from the heavy seeds the 
greater number of individuals resembled var. macrophylla, 
while in the culture raised from the light seeds the greater number 
resembled var. virginica. The three classes of seeds showed 
a difference in germinating power Avhich was largely influenced 
by time. The conclusion is therefore drawn that very variable 
results may be obtained in the P2 generation which arc due 
merely to the differential germinating power of the various 
heterozygotic and homozygotic combinations. The e.xpcri- 
mental data on which these conclusions are based can, however, 
only be regarded as most unsatisfactory. In the first place, 
considering the number of characters and the probably infinitely 
larger number of factors involved in the difference between two 
varieMe.s of tobacco, it would be practically impossible to divide 
the generation into three well-defined groups and any such 
division which might be attempted would have no significance. 
In the second place the original division of the hybrid seed 
into three groups is open to question for the same reason. The 
difference between these seeds probably depends on several 
factors, and to these must be added environmental effects due to 
nutrition and pollination. Very little meaning can be attached 

^ (ioodspefd, V niversity of California^ Pnhlicationa in Botany^ Vol. V, No. 2, 1912. 
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to results in which so many approximations have to be made. 
In the second part of the paper, an investigation into the in- 
heritance of the length of the corolla in three varieties of N. 
acuminata is described and the author states that’, although this 
character shows very small fluctuations in the parents, the 
variation in the F, is very great and covers the whole difference 
between the two parents. The details of the Fj generation 
have not yet been published. 

The only other investigations on hybridization in the genus 
Nicoliana, which are known to me, are those by Jensen^ and 
Lodewijks.® Hybridization experiments were started by Jensen 
in 1906 and the crosses investigated in most detail were those 
between Peru, a variety with a petiolate leaf, and White 
Burley, Peru and Maryland smoking. The intermediate nature 
of the Fj and the great complexity of the F., generation, with a 
total absence of the parent forms was emphasized. The most 
interesting point is the appearance of new characters in the 
offspring which were not present in cither parent. 


^ JcTison, Jonrhock vati het De'parhnent van LamUioaiv in Necderland-sh- Indie , ll)U7 
1908, 1909, 1910, 1911. 

2 Lodowijks, Zritschrifl fnr induktive Abstammungs nnd V ererbungsUhre^ Bd. V, 191 1. 



II. THE METHO.DS OF RAISING THE EXPERIMENTAI. 

PLANTS. 

Tiie methods employed at Pusa in raising the experimental 
plants have already been fully described* in a previous paper, 
and it will only be necessary briefly to recapitulate them. In 
experimental work on tobacco, the two most important points 
are: (I) to raise the seedlings without contamination, and (2) 
to eliminate, as far as possible, all differences due to environ- 
mental influences. 

The' seeds of the tobacco are so small that they arc very 
easily carried from one culture to another by wind, rain, earth- 
worms, or by the hands of the workmen. The seed is brown and 
indistinguishable from the soil, and retains its vitality, even 
under adverse conditions, for several years. The practice 
adopted at Pusa is to raise the seedlings in large shallow boxes, 
and every precaution is taken to collect tlie earth and leaf- 
mould from places where contamination by stray tobacco seed 
is impossible. The boxes are made up about six weeks before 
sowing andkept moist, so as to cause any stray seeds to germinate. 
So far (1908 to 1912) no tobacco seedlings have been found in the 
boxes prior to sowing. The boxes are sown, one at a time, 
and the sower has to wash his hands before sowing another box. 
After sowing each box it is immediately removed into the shade 
till the seedlings appear. They are then enclosed in a wire 
netting fence to keep off animals, and are placed so far apart 
that the earth from one box cannot be splashed on to an adjacent 
one by the sudden tropical storms which sometimes ^ occur 
at this season. Precautions are taken during thc process of 
thinning to prevent admixture and this operation is only 

^ Howard and Howard, l.c. 
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carried out under personal supervision. The boys who do the work 
have to wash their hands after finishing each box, as otherwise 
a few ungerminated seeds might be carried to other cultures. 
After transplanting, the soil in the boxes is thrown away and 
the boxes washed. These precautions have proved successful 
and in no case has any mixture of the cultures been discovered. 

The elimination ot rather the reduction of the differences 
due to environmental influence is much more diffic\xlt. There is 
perhaps no plant which is so sensitive to changes in soil, climate 
and external conditions generally as the tobacco. The shortness 
of the growth period, the large amount of material in the form of 
leaves and stem formed in a short time are probably the reasons 
why any check or stimulus has so great an effect. Moreover, 
the tobacco plant appears to liave an infinite capacity to adapt 
itself to conditions, the same pure type giving rise to plants 
1| feet or 8 to 10 feet high according to the cultivation. Even 
in very adverse circumstances the plant goes through its com- 
plete cycle and forms seed. Apart from such extremes, a very 
small difference in cultivation is sufficient to induce a very 
marked change j(,nd to raise a field of plants uniform enough 
for accurate measurement is not easy. Nevertheless, in all 
plant-breeding experiments, the absolute necessity of normal 
and well-grown plants cannot be emphasized too strongly. 
The differences induced in tobacco plants apart from 
size are almost incredible. The general effect of un- 
favourable environment on N. iabaemn is to wipe OTit all 
differences and to make the plants appear uniform. The 
differences between the various types in leaf shape and leaf 
surface, which are small, almost disappear in under-developed 
plants. Unless the plants are well grown, it would be very 
easy to be misled in observations on such characters as the 
undulations of the leaf surface. The numbers would probably 
show far too great a proportion of flat leaves. 

Owing to the large amount of experimental work carried on 
in the Botanical Area at Pusa, special care has been taken to 
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render the land as uniform as possible. The plots are all small, 
carefully levelled and are well drained and cultivated, and for 
most crops they present an ideal experimental basis. In the 
present investigations, a certain amount of trouble has been 
experienced even on these experimental plots. Slight local un- 
evenness of the ground due to ploughing, a difference in the sub- 
soil drainage, and the proximity of a hedge have all had an 
effect. It is needless to say that all cultures which could 
possibly have been affected have been rejected. The cultures 
which have to be directly compared are grown on the same 
plot in lines and the two parent types are grown at both ends 
of the plot, and also in the centre. In this way, should there be 
any slight change in the conditions from one side of the plot to 
the other, it would be indicated by the range in variation of the 
parent forms. The impossibility of obtaining a large piece of 
land with uniform drainage and soil must always limit the 
number of cultures grown, even if the amount of work entailed 
did not do so. One other important point must be mentioned, 
namely, the time of transplanting. If many plants die after the 
first transplanting and have to be reset, the replaced plants, 
even though only a week later in planting, always remain behind 
the earlier ones. By adopting a system of furrow irrigation, 
and using great care in removing the seedlings from the nursery 
boxes, the loss in transplanting in the experimental cultures 
has been reduced to a minimum. Only one replacement is 
carried out two or three days after the first transplanting. 
Should others die, their places remain blank, but the system of 
transplanting adopted has proved so successful that the number 
of such blanks is very small indeed ; the number of deaths before 
the first replacement is generally not more than one per cent. 

The methods of crossing and raising the self-pollinated seed 
are those in ordinary use, and need not be specially mentioned. 
Full details have been given in a former paper. ‘ The only point 


1 Howard and Howard, Lc. 
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which calls for comment is the limitation imposed on the 
number of possible observations by the labour connected with 
the raising of all the seed under bag. Many of the types will 
not set good seed unless they arc selfed, and the time taken in 
carrying out all the details connected with this and the bagging 
of a large number of plants is considerable. The raising of the 
seed and the observations on the leaves have to be carried out 
during the same period, between the formation of the first 
flowers and the partial destruction of the leaves by death or 
the ordinary chances of breakage. This in Bihar is a very short 
period, and even by devoting the whole day to the work the 
number of observations which can be carried out in the time 
falls far short of those desired. 



III. THE OCCURRENCE OF PARTHENOGENESIS. 


The question of parthenogenesis in N. tahacum was taken 
up in eonsequence of a paper published in the Mendel Journal} 
In this eominunieation the author stated that she had been able 
to obtain parthenogenetie seed with the greatest ease in the ease 
of N. sylveslris, N. tahacum, N. suavolens, N. mndera, and 
hybrids from these. In some eases only the anthers were 
removed, but in others both anthers and stigma, while the 
ordinary preeautions of sterilizing the instruments and enclosing 
the flowers iii wax-paper bags seem to have been scrupulously 
observed. Success did not attend all the experiments, but 
“ parthenogenesis was discovered in ten species, varieties and 
hybrids of Nicotiana on chosing the right period for trial, i.e., 
when the plant is beginning to go off its fullest bloom. In the 
tabacums success was unfailing.” East- also mentions the 
possible production of apogamous seed. ” In crossing species 
of the genus Nicotiana 1 have had plants devclo]) from seed 
that have apparently been formed apogamously, that is, formed 
from an immature egg-cell without fertilization. It is evident 
that this is induced by the extraordinary irritation of foreign 
pollen.” 

Experiments were undertaken both in 1910 and I9II to 
determine whether, under the conditions obtaining in Pusa, 
N. tahacum will set seed without pollination. It had already 
been observed that castrated flowers prepared for hybridization, 
which owing to pressure of work or other reasons had not been 
pollinated, invariably dropped without setting any seed. In 
order to obtain more definite information on this point, a large 

^ Haig Thomas, The Mendel Journal, No. I, 1909. 

* East, The P opt liar Science Monthly, 1910. 
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number of flowers on two individuals in nearly all the fifty-one 
types of Indian tobaccos, and also in some Fj hybrids, were 
castrated. About fifty to one hundred flowers were prepared 
on each plant under every possible condition. In some the 
anthers were removed, in others, both anthers and stigma. 
The plants used included types which self -fertilize with great ease 
and those which will set hardly any seed unless self ed, as it was 
thought that the latter would be the most likely to produce 
parthenogenetic seed. Plants were chosen at all periods of their 
growth — when in full seed formation, when full of capsules and 
going off their bloom, and when very nearly over. In most cases 
the phants were heavily yjruned, all capsules, flowers and buds 
other than the castrated ones being removed (such heavy 
pruning ordinarily induces rapid seed formation), others were 
lightly pruned. The same methods were adopted in 1911, but 
here the number of kinds employed was smaller, only those used 
as parents in the hybridization experiments were tested again, 
namely. Types 9, 51, 16, 35, 23 and 38. The castrated dowers 
were enclosed in parchment bags and these were taken off 
at frequent intervals in order that any newly-formed buds 
might bo removed. In the earlier experiments the bags were 
not applied after the corollas had withered, but in the later 
experiments bags with perforations were placed over some of the 
branches. A great difference was found between the capsules 
formed from the castrated flowers and those formed by ordinary 
pollination. In the latter case the capsule swells quickly and 
remains firmly attached to the plant. No difficulty is 
experienced in removing or replacing bags, and the peduncle 
would have to be broken before the capsule could be removed. 
This is always the case, whether the flower be self- or cross- 
pollinated. The capsules of the castrated flowers, on the other 
hand, although they also became swollen at first and simulated 
the fertilized ones, were very easily detached from the plant. It 
was exceedingly difficult to remove the bags, which finally had to 
be cut away carefully. The capsules thus exposed to the air were 
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easily blown or knocked off. For this reason half of them were 
enclosed in large well-perforated bags as a protection. Some of 
the capsules obtained- a fair size, but were not so large as the 
normal ones. On examination they were, however, found to be 
quite empty, the ovules not having developed. On only three 
plants did seed set in all the thousands of flowers which had 
been castrated, and the total number of capsules was five. 
In 1910, on a plant of Type 9, about one hundred flowers were 
castrated and one fully formed capsule was found, the seed of 
which germinated and produced plants similar to Type 9. In 
1911, again, on a plant of Type 9, one capsule containing seed 
was found in about one hundred castrated flowers. In this type 
the stamens are so much shorter than the style, that if enclosed 
in a bag the flowers normally set no seed and the majority of the 
capsules drop. It has always been found necessary to self this 
type in order to obtain sufficient pure seed to maintain the 
culture. If the seedsin these twocapsules were due to apogamy, 
this method of seed production must bo the exception and not the 
rule. It is of course possible that the two capsules were duo to errors 
in castration. The other three capsules were found on one plant of 
another type, but by an accident these were not examined. 
They were large, well-formed capsules, apparently containing 
seed, but unfortunately were destroyed before this fact had been 
definitely ascertained. 

Considering the great number of flower’s examined and 
the fact that every stimulus to apogamous seed formation 
had been given to the plants by pruning and capsule removal, 
the results obtained are exceedingly small, even if we assume 
that all five capsules contained parthenogenetically formed 
seed. 

In addition, in all the first generations (nine in number) 
which have been raised at Pusa during the last five years, each 
culture containing about one hundred plants, no individuals 
resembling the mother plant have been detected. The cultures 
have been absolutely uniform and the reciprocals identical. I 
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have no hesitation in saying that under the conditions obtaining 
at Pusa in ordinary hybridization work, parthenogenesis in 
N. tabacum is negligible. 

It is interesting to note that in the details given by Jensen* 
of an experiment undertaken to test the possibility of wind 
pollination in N. tabacum, no mention is made of the formation 
of apogamous seed. Four plants bearing 119 castrated flowers 
were covered by a net and so placed that the prevailing wind 
must bring pollen to them. In none of the flowers did any seed 
set. The uniformity of the Fj generation and the identity of 
the reciprocals has also been mentioned by Jensen and by 
Hayes." 


9,990 


1 


•c. 

l.« : 

u J . .. i 



^ Jensen, l.c. 
* Hayes, I.o. 



IV. THE EXPERIMENTAL RESULTS. 


The material used in these investigations formed part 
of the types, isolated in 1909, which have since been maintained 
in pure culture. Since at the time these experiments were begun 
nothing was known concerning the correlation or interdependence 
of the various characters in tobacco, it was decided to make a 
preliminary survey of the inheritance of practically all the 
characters which deal with the stem and leaves. This was done 
partly with the object of ascertaining how far the inheritance of ^ 
the individual characters could be studied independently, and 
partly to determine the most suitable methods of investigation. 
It is hoped to follow this preliminary account by a more 
comprehensive study of the more important characters. The 
characters which have been considered in the present investi- 
gation are (1) time of flowering, (2) height of stem, (3) arrange- 
ment of the leaves on the stem, (4) length of the decurrent 
portion of the lamina, (5) venation of the leaf, (6) leaf-shape, 
(7) undulation of the surface and margin of the leaf. 

In aU, five crosses have been made,^ Type 9 x Type 51, 
Type 16 x Type 35, Type 23 x Type 38, Type 2 x Type 3, and 
Type 2 x Type 51. ' The first, that between Type 9 
and Type 51, has been carried to the F4 generation, those 
between Type 16 and Type 35 and Type 23 and Type 38 to the 
F3 generation. Only the Fj generation has so far been raised 
of the other two. It will be seen from the photographs of 
Type 9 and Type 51 (Plates I and II), and from the full 
description of the types reprinted as an appendix to this paper 
(p. 108), that these two forms differ in almost every character, 
from height of plant, to the mode of pollination and colour of 
the corolla. 



Plate 1, 



TYPE IX. 







Plate 










Plate Yll 











FIRST GENERATION. TYPE 2 >' TYPE 51. 
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,,, In Type 16 and Type 36 (Plates III and IV) we have two 
forms which, while not very different in height or habit, never- 
theless differ markedly in the number of leaves. The main 
object of the cross between these two forms was an investigation 
of the leaf shape. Type 35 has the broadest and Type 16 one 
of the narrowest leaves in all the fifty-one types, while the length 
is nearly the same in both. The cross between Type 23 and 
Type 38 (Plates V and VI) was primarily made on account of the 
difference in the number of leaves on plants almost equal in 
height. The average number of leaves in Type 23 is nineteen 
or twenty, in Type 38 about thirty-five. Types 2 and 3 (Plates 
VII and VIII) are both petiolate forms, but the petioles are 
alate'to a varying degree. In tlie cross Type 2 x Type 51 
(Plates VTI and II) a form with a petiolate leaf was crossed with 
a leaf with a broad base. The most striking result of these 
hybridizations was the formation of new forms quite outside 
the range of either parent. For instance, in the F 2 generation 
of Type 16 Type 35, dwarf plants, much shorter than Type 35, 
and tall forms, almost equal in height to Type 16 and Type 35 
combined, were found, and some of these have bred true in the 
Fs generation. Similarly, in the cross Type 23 x Type 38, 
petiolate forms breeding true were produced, although both 
parents have sessile leaves. Reciprocal crosses were always 
made and grown side by side both in the Fj and F^ generations. 
In no ease could any differences between the crosses and the 
reciprocals be detected. The F, was intermediate between the 
parents in almost all the characters (Plates IX, X, XI, XIl). 

Details regarding the manner in which the actual measure- 
ments were taken will be given in the section on the individual 
characters, but a few words of explanation may be given here 
on the number of plants used in the experiments. As explained 
in a previous chapter (p. 38), the area of uniform land available, 
the labour involved in the raising of the seedlings and the 
transplanting, but more especially the shortness of the period 
during which measurements can be made, limits the amount 



40 


STUDIES IN INDIAN TOlUCCOS. 


which can be accomplished. The descriptions of the various 
types of tobacco already published show that the different forms 
of N. kibacAim can be arranged as regards each character in a 
series, each member differing very slightly from the next (see 
also Tables VIT, XI T, XX). This would lead one to expect a 
large number of factors in connection Avith each character, and 
in the generation a long series of intermediates, with the very 
rare occurrence of the parent, forms. The cliances of directly 
analysing such an F^, generation are small. A very large 
number of individuals would have to be raised in tlu; lA gimera- 
tion to obtain any indication of tlie percentage of plants 
resembling tlu* jiarents, ami, since the range of vaiiation in the 
parents due to external infineiujcs is considiu’able, it would be 
(piite impossible to recognise such forms with certainty. This 
being the case, there seems very little point in undertaking 
the labour of raising many thousands of plants in the F.^ gener- 
ation. The plan adopted has been to gi'ow not less than l,t)()0 
plants in the F^, generation in order to obtain a fair idea of the 
extent of variation by eye, and tlien measure as many as possible 
of these, generally 300 to (500. .Self-iiollinated si'cd from jilants, 
whicli together cover morii or less completely the range of 
variation, Avas taken and these cultures raised in I he lA, generation. 
In the F;j cultures about 200 plants were grown from each parent, 
and 100 to 200 measured. Xo choice a\ as exercised in connection 
with the plants measured. Two or three complete liiU'S of the 
culture were taken. The limits of variation in the P., generation 
are much smaller. In some cases the cultures apparently bred 
true in some one character. A similar procedure was adopted 
in the F4 generation. 

The number of plants used is small and the investigation 
cannot pretend to bi' statistic, but thelargerthcnumberof plants 
the smaller must be the number of cultures. The number 
om])loyed is sutlicient to determine whether the culture is 
uniform or is sjilitting within narrow limits. The object in 
adopting this jirocedure is to obtain as many as possible 
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of t he intermediate forms pure, as the extraction of the various 
intermediate homozygotic forms appears to be the easiest and 
most conclusive way of determining the principles underlying the 
iidicritance. The range of variation of the parents was deter- 
mined each year for each character. In 1911, very few of the 
parent plants were sufficiently well develoy)ed to b(5 measured. 
The cultures were trans|)lanted into a tick! which had been 
green-manured. OAving to the exceptionally heavy and pro- 
longed monsoon of that year, the soil conditions were* not 
favourable to the proper utilization of the green manure, and the 
])lants only developed well in the high-lying portions of the 
held. The tb generation of Type 9 Type ol and the crosses of 
this back on to the ])ar(mls were normally devtdoped, but most 
of the parent (ndtures aiul the F, generation of the other four 
crosses were vcj'a' uneven. 'Phis explains why the measurements 
giv'on for the F[ generation are of a later date than those of the 
Fo. In all these cases the crosses had to be re-made and the 
work re|)eated. Similaify, in 1919, as there were a large number 
of eidtures to be grown, .some of the lines of the parents were 
pushed as near the hedge as appeared safe. IJnfoi'tunately, 
the inlluence of the hedge had been under-estimated, and 
idthough the last line was twenty feet from the hedge, the plants 
dcA'cloped vany slowly, and AAcre so stunted that they had to be 
rejected. These accidents make the number of ineasinA'inents 
carried out on the parents smaller than is desirable. 

I. TIME OF FLOWERING. 

The date of o])ening of the first tloAA'er on each ])laTit Avas 
tak(m as the criterion of this character. All the plants Avere 
numbered and the cultures were examined daily at approxi- 
mately the same time in the morning. The climate of India 
is very Avell adapted for all such investigations, as the days are 
almost invariably sunny, and irregularit ies due to the periods of 
cloud and Ioav temperature consequently negligible. The residts 
for the three crosses. Type 9 > Ty])e 51, Tyyje 16 \ Type 95 and 
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Type 23 x Type 38, are given in Tables 1, II, III. In order to 
shorten the tables the data are given in three-day periods. The 
date of flowering of the parents under the same conditions was 
determined each year. 

The most interesting results are those for the cross, Type 9 
X Type 51. The parents vary greatly in time of flowering. 
The flowering period of the lirst generation is iiiieniiediate 
between the two, but nearer that of Type 9, the earlier parent. 


It may, however, be noted that the tloweriiig period of the Fo 
covered two months, a period greater than that covered by both 
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other hand, given rise only to late plants. The difference 
between the cultures derived from 738 and 694 was most marked 
in the plot. There is a good deal of difference between the 
individual cultures of 694. No. 694-1 has a maximum flowering 
period between the two parents, while 23 and 38 are much later 
than Type 51, the late parent. It is impossible to say whether 
a culture is pure as regards its time of flowering until it has been 
proved impossible to produce from it by selection cultures 
differing in this character, but 738-19 and 738-81 may possibly 
prove constant, as may also some o f the cultures of 694. 

If we consider the cultures as a whole, we find a very 
distinct separation as regards the flowering period. In addition, 
while one culture has been isolated, 'vhich is slightly earlier 
than the early parent, there are several which are decidedly 
later than Type 51, the late parent. The range of the earliest 
flowering culture does not overlap that of the latest. 

Tables II and III show the same general results for other 
crosses, but the separation between the cultures is not so great, 
as the flowering period of the parents is not very different in 
either case. The extremes in the F., are represented in the cross 
Type 16 and Type 35 (Table II) by cultures 27 and 200, and in 
cross Type 23 x Type 38 by cultures 104 and 9. In all three 
the two parents in successive years bear a similar relation to 
one another. 


2. HEIGHT. 

The height was measured from the point where the roots 
begin to the apex of the stem, which in N. tabacum ends in a’ 
capsule. Three or four flowering branches arise round this 
point and help to define it, but there is no difficulty in seeing 
either the capsule or its scar at any period in the life of the mature 
plant. In order to count the lower leaves, the plants were up- 
rooted and the determinations of the height and the number of 
leaves were made simultaneously. The height was measured 
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to the nearest centimetre, but in order to reduce the number of 
data and to remove accidental inequalities, the heights are given 
in classes differing by five centimetres in Tables IV, V, and 
VI. 

Height is one of the few characters which in the Fj genera- 
tion is not strictly intermediate between the two parents, and 
the results in the five erosses were not the same. The Fj hybrid 
between Type 9 (a dwarf form) and Type 51 (a very tall form) 
was nearly as tall as the taller parent. The actual mean 
measurements were, in 1910, Type 9 — 68 cm., Fj — 140 cm., 
Type 51 — 165 cm., and in 1912, Type 9 — 79.9 cm., F, — 158.0 cm. 
and Type 51 — 195.4 cm. In the cross Type 16 x Type 35, in 
which the respective heights were, Type 16 — 106.3 cm., 
Fj — 93.7 cm. and Type 35 — 86.6 cm., the height is inter- 
mediate. In the other three crosses the Fj was taller than 
either parent. This increase in height was slight in the case of 
Type 23 x Type 38, but very marked in the other two crosses. 
The actual measurements were Type 2, average height, 155 cm.. 
Type 3, average height, 152 cm., F, 200 cm.. Type 51, 
178cm., Fj Type 2 x Type 51, 195 cm. It has been suggested, 
in the case of maize,' where the Fi is also not strictly inter- 
mediate, that this is due to the increased vigour of the hybrid 
plants. This may be the explanation here, but it is difficult 
to see why this increase should be so much more marked in 
some cases than in others, unless this increase in vigour be 
correlated with the number of factors in which the parents 
differ. 

The F 2 generation in the cross Type 9 x Type 51 presented 
no striking features. A continuous series was formed within 
the limits of the parents. 

The F 2 generation of the cross between Type 16 and 
Type 35 was absolutely different. These two parents do 
not differ very greatly in height, the average height of 
Type 35 in 1912 was 94.1 cm., with a range of 60 to 

1 East, Z.c. 
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110 cm., that of Type 16, 125,2 cm., with a range of 110 to 
140 cm. The heights in the F, generation varied from 48 cm. 
to 215 cm., and the plot presented an extraordinary mixture 
of dwarf and tall forms. Plate XIII shows some of the P.> forms, 
photographed at an equal distance from the camera. A large 
number of plants were self-pollinat.ed and twelve cultures from 
these w’ere raised in the F;, generation. These cultures could be 
easily divided by eye into three groups, those in which all the 
plants were short, that is, no taller than either parent. Nos. 251 , 
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200, 142 and 190 ; those in which all the plants were tall, cultures 
35, 15, 9, 163 ; and cultures in which both short and tall 
plants occurred. Nos. 202, 27, 231 and 8. In the last four 
cultures it was quite easy to separate the tall and short plants by 
eye, and although neither class was uniform, the short and tall 
plants together did not form a perfect series. Among the 
cultures with short plants, two have apparently bred true, 
No. 251 and No. 190. In 1912, No. 251, with a height of 48 cm.^ 
Avas the shortest plant in the lA generation ; in 1913, this gave 
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rise to a culture which appeared absolutely uniform in the field. 
The average height of the culture was 50.8 cm., much less than 
that of Type 36, and the limits of variation (35 to 65 cm.) do 
not overlap those of Type 35. The individual heights of the 
plants, if graphically represented, give a curve which resembles 
greatly the ordinary frequency curve of a uniform culture. 
This fact, combined with the appearance of the culture in the 
field and the small range of its variation, makes it probable that 
251 represents a culture constant as regards height. We have 
thus the formation in the F* of a new form much shorter than 
either parent. The factor or combination of factors which 
is represented by this average height of about 50 cm. may be 
present in both parents, or.ordy partly in both, but the fact that 
this combination has been isolated shows that the height of 
Type 16 cannot be composed of small factors superposed on those 
possessed by Type 35. Even if we suppose that the combination 
of factors denoted by a lieight of 50 cm. is common to both 
parents, all the factors which go to form the excess of height 
over 50 cm. in Type 35 and Type 16 must be different. This 
gives the explanation of the very tall plants in the F^ and F,, 
generations. Since so large a proportion of the height in the 
parents is due to different gametes, the combined effect of such 
gametes would be additive. 

There is no definite evidence as to the number of the 
factors involved, but from the appearance of some of 
the Fg cultures they would seem to be few in nuinbcf. 
Culture 190 is also ; probably uniform and a reproduction of 
Type 16, the mean height in tlie one case being 102.1 cm., in the 
other 106.3 cm. The range of variation is greater, but this 
may be due to the larger number of plants measured. From 
their appearance in the field and the curves given by their height 
it is probable that the cultures 142 and 200 are not uniform, 
but represent heterozygotes between two nearly allied combina- 
tions. After 261, the most interesting culture is [202. Here 
we have a distinct break between the tall and the short plants. 
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and the tall plants form exactly one quarter of the whole. The 
large range of variation in the tall forms indicates that the ratio 
is not a simple 3 : 1. Cultures 27 and 231 show a similar 
result, an accumulation below 95 cm., a total break, or very 
few plants about 100 and a rise beyond this. These three 
cultures were derived from three plants of very similar height, 
83, 88 and 90 cm. The curve formed by combining these 
cultures is shown in Plate XIV. Culture 8 is very similar to 
these three cultures, but the curve aj)])ears to be shifted to a 
higher value. The cultures 9, 35 and 163 are all similar 
and seem to point to at least two homozygotic combinations at 
aboTit 120 and 170 to 180 cins., with possible intermediates. 
The combined curves from these three cultures is given in 
Plate XIV ; the individual cultures all agree with this. A 
large number of plants have been self-pollinated and the F 4 
should give sufficient uniforiii cultures to identify all the factors. 
The values obtained in some of the cultures seem somewhat 
high for a rudimentary height of 50cm. common to both i>arents. 
The _fa(;t that in all the cultures giown in the F. and F;j 
nothing sliortcr than 50 cm. has been thrown out would point 
to nothinj^ smallei’ than this combination existing in either ; yet 
if this factor or combination be common to both, the mean of the 
highest combina tion possible can only be (85 — 50) f (106 — 50) + 50 
cm. The limits of the tallest homozygotic combination 
should also throw light on another interesting point. Since 
every plant must have height, it is reasonable to suppose that all 
types possess a common factor which represents the smallest 
height which the tobacco plant can possess. This, either by the 
superposition of numerous small factors or by combination with 
various independent factors, gives the height of the different 
plants. The first supposition of small superposed factors is 
entirely disproved by the cross (Type 16 x Type 35), in which 
plants have been produced almost equivalent to the combined 
height of both parents, showing that the constituents of the 
height of both parents must be almost all different. Should a 
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homozygotic combination be produced equal or greater than 
the sum of both parents, this may be explained l;)y the 
greater vigour produced by hybridization or by supposing a 
differen#Tudimentary height in different plants, or that the 
factor giving height exists in all plants but has no definite 
external expression. Both these Ijypotheses, however, would 
introduce many difficulties. 

The results in the cross Type 9 x Type 51 (Table IV) need 
not be considered in such detail. The range of variation in the 
Fa was not greater than the range of the parents combined. In 
the Fa generation, the eight cultures showed a great difference 
in the range of variation, but only one appeared to be uniform. 
Culture 740 (Plate XV) resembled the parent, Type 51, in 
every respect, both in the limits of variation and in the average 
height. The average height in the case of 740 was 195.2 cm., 
and the limits of variation 155 to 240 cm. ; in the case of 
Type 51 the average was 195.4 cm. and the range 160 to 
230 cm. Both cultures were grown side by side in the 
field and there was no difference in their appearance. A 
form resembling one of the parents was therefore isolated 
in the F 3 . The difference in the range of variation in 
the Fa and P 3 generations distinctly indicates a segregation, 
as well as the probable occurrence of homozygotic combinations 
representing heights intermediate between the two parents. 
One such was isolated in the F^ generation (738-58), as well as 
a culture resembling Type 9 (738-96). From their appearance in 
the field, their range of variation and the form of the curve 
obtained by graphic representation, both these cultures appear 
to be homozygotic. The average value of the height in 738-96 
is 60.1 cm., that of 738-58 is 98.7 cm. The height of culture 
738-96 is probably the same as that of Type 9 (average height 
67.6 cm.) ; the other forms a novum. The remaining cultures 
of 738 are not uniform and contain these two combinations vrith 
possibly an intermediate. The F 4 cultures of 694 are also not 
homogeneous, but their limits of variation are very different to 
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those of the cultures obtained from 738 and indicate the occur- 
rence of a number of intermediates. This would point to 
factors of small value. From the fact that no plants shorter than 
Typo 9 have been found in all the generations, it would appear 
as if Type 51 must contain the factors which go to build up 
the height of Type 9. 

In the cross between Type 23 and Type 38 the matter is 
complicated by the fact that the F, is taller than either parent. 
The F.^ again shows a greater range of variation than the com- 
bined range of the parents and the large number of plants 
shorter than Type 2.3, the shortest parent, is especially notice- 
able. In the F;, cultures the limits of variation are very different, 
of. cultures 204 and 6. The occurrence of plants shorter than 
Type 23 is again marked. No cultures uniform iii height have 
yet been obtained from this cross. Distinct segregation is, 
however, apparent, and there are indications that Type 23 and 
Type 38 contain (!ertain factors in common which give .a height 
somewhere about 80-85 cm. and that the other factors involved 
•in the height of both j)arents are different, giving rise by 
combination to plants taller than either parent. 

3 . THE NUMBER OF LEAVES PER PLANT. 

This character is somewhat unsatisfactory on account of 
the amount of variation in e,ach pure type, in proportion to the 
total variation possible between the types. The smallest number 
of leaves found in any kind is nineteen, the greatest thirty-four. 
Table VII shows the approximate number of leaves in each 
type — the average nutnber of leaves in ten plants. Want 
of tin\e prevented the measurement of a larger number of 
plants. It will be seen that every possible number of leaves 
present and all occur with approximately equal frequency. 

The total number of leaves on the main stem was measured 
in the following manner. The plants were uprooted, the large 
roots cut off short, and the base of the plant well washed. It was 
then possible to count all the leaf scars as well as the living 
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Table \ll 

Average Number of Leaves in the Types of N. iahacuni. 
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loaves. KnnnuM'atioD at the base, \v1ht(^ IIk^ si^ais ai'(^ (^loso 
together, is faeilitated by marking tlu' point of comnumeement 
vitli a knife, and (NU*h siibse(|uent sear by stieJcing into it tlie 
|)oint of a lead pencil, (^an^ is necessary not to mistake con- 
ti’actions in tlu^ main root foi* li'af sears, but with a little piaedic^e 
tins can be done fairly (Nisily, ex(u>pt in tlu' ease of a lew types. 
Tlu^ (hdermination of tlie last leaf on the axis is more difli- 
eult. In many typers of tobacco, the heaves at the top of the 
stem an^ carried up tlu' biaiudies tlu'V subtend and thendori^ 
do not appear to b(‘ on th(^ main stem. In such eases, howiivei', 
there is genei*ally a faint line lamning from the leaf down to the 
main stem, method of enumeiation adojited in .these 

investigations has an advantage ovei’ previous methods used in 
that it represents the tru(> physiological activity of tlie plant 
and not an arbitrary number. 

As regards the elleet of environment on the number of lea \t\s, 
no special investigations have been undertaken, but the faid. 
that the average valiu' of this cJiaraetc'r and the range of varia- 
tion in the pai*ent forms is practicality constant in different 
years, would indicate that changes in a normal environment have 
little effeid. This agrees with th(‘ conclusion of Hayes that 
the number of leaves per plant was little affected, unless the 
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conditions wcto so unfavourable as to greatly stunt or dwarf llie 
growth of the plant. It is possible, however, that the lengtii 
of the growth period may have some influence. As stated on 
])age ;?8, in 191.8 a portion of the parent cultures were grown 
too close to a hedge and dcvelo])ed very slowly in conse([UoiKe. 
Tliese plants, wIkui they did attain matui'ily, all had an 
abnormally large number of l(‘av(‘s. For insianee, Ty])e 51, 
instead of possessing tlu^ normal number of tw(aity-seven to 
thirty-one leavers, liad thi!*t\ -om^ to thirty-live^ leaves, and a 
similar imaease was noticeable in Ty])e .85. .Mor(M)ver, in l!)l!{, a 
lal(^ season, the average^ values of all tlu^ |)a]*ents was al)out om^ 
leaf greater than in 1912. Again, in 1911, anotluM* late 
season, the average' value e>f Type 51 agiws with that e)f 191.8. 
In the absene'e^ of finther e‘\ iden(*e^ this e*an only be ])ut forward 
tentati ve^ly. Tlio orelinary tlue*tuatie)ns e)f se'ason liave ne) 
appre'e‘i;il)le‘ e'lTe'ct. The' number e)f h'ave's per plant apart from 
the'se^ abnormal inelix iduals a])pe*ars to be' a ve'ry eletinite> inherit- 
able charaedei*. 

Aluch attentioti has be'cn paid, in the' eami'se oi tlmse 
investigations, to the epiestie)!! of a e*e)rre‘lation l)e>t\ve'en the 
the' numbe'r of leaves and the' height of the plant ; but it is epiite 
clear that each vi\\\ be inlu'iateel inele'i)en(l('ntly of the othe'r. 
Se)me e)f the shorte'st |)lants have the large'st numl)er e)f leave's. 
Takefe)!’ instance' emit ure' 251 (Tables Vanel LV) in the' K.. ge'iu'ra- 
tion of Type lb Type .85. This culture is uniform as re\gards 
he?ight (a\^ 5tl.7 cm.) anel uniform as regai'ds leave's (a\. 80), 
that is, it has a greaten* average number e)f leaves than Type 51 , 
e)f whiebi the mean height is 195.5 cm. Cultine I9t) of the> 
.same cross has an average height e)f 102.1 cm. anel the ave'i’age 
nurnbeu* e)f leaxms is thii’ty. Sue'h instanea's might be^ 
multiplied indciinitely. ( 8ase>s also occur in which the culture is 
uniform as rc'gards height, but not as re'garels number e)f leave's 
])er plant (foi* e^xample, 740 in the^ V ^ gene'ratiem e)f Type 9 
Type 51) anel vice versa. The fact that, while the^ height varies 
greatly with the season, the number of leaxes remains 
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practically constant is further evidence that, within the same 
type, height and number of leaves are not correlated. This 
is a somewhat surprising result. It coincides, however, with 
the conclusion of Hayes, that the correlation between height 
and number of leaves was less than -i , 5, 

The data {\s regards this character in the cross Type 9 x Type 
51 are given in Table Vlll. The Fj generation was intermediate 
between the parents. The F^ generation has a range far outside 
those r)f the parents, one of the plants having as many as 
forty leaves. That this is not due to accidental circumstances 
is shown by the reappearance of this phenomenon in one of the 
cultures in the F 4 generation, where the number of leaves varies 
from twenty-eight to forty. The eiglit cultures of the F:j 
differed greatly in their range of variation ; none were 
uniform. Two of these were continued in the F 4 generation, 
i.e.. Nos. 7!18 and 694. From 738 two cultures Avere obtained. 
Nos. 738-81 and 738-19, which from their range of variation 
and the form of the curve apyx^ar to be iiniform. The first 
has an average of nineteen leaves per yilant, and a variation 
of seventeen to twenty-two. The latter cultxire, 738-19, is 
a replica of Tyyic 9 as regards number of leaves. In the culture, 
derived from 694 oidy one can ])ossibly be uniform. No. 694-1, 
but as the range of variation is somewhat large it may have 
originated from a heterozygote between two forms differing 
in one small factor. In either ease it ymints to the oecurrenee 
of intermediate homozygotic combinations. 'Thus in the F 4 
generation there have been isolated a culture (yn-obably uniform) 
with a smaller nuniber of leaves than either parents 
a culture with the same number of leaves as one yiarent, 
a culture Avhich is either uniform with a tuimber of leaves 
intermediate between both yxirents or a helerozygote between 
two interniediale forms, and a culture in which the majority of 
plants possess more leaves than either parent. 

In the cross between Type 16 and Tyy)e 35 (Table IX), 
the Fi is again intermediate, but ayjyjroaches the yjarent with 
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the larger number of leaves. The limits of the F. generation 
are as great as those of the parents combined, but no greater. 
The curve obtained from its graphic repres(^ntation (Plate XIV) 
points to distinct segregation, as do also the results obtained from 
the cultures. The following cultures appear to be uniform. 
Nos. 251 and 190, witli an average number of thirty leaves pei* 
plant, and 202, with an average of twenty-six. This is another 
instance of iJie ])!*oducti()n of a ])lant possessing a nii mber of lea ves 
intermediate bed w(Mm those of the parents and breeding true. 

Table X gives the results in the (U‘oss Ty])o 23 \ Type 38, 
which are very similar to those in Table IX. The F, generation 
again a])])roa(dies the parent with the greatest number of leaves. 
Distinct segregation occurs in the F.^, but no cultures breeding 
true were found. 

As regards the principles underlying the inheritance of the 
number of leaves per plant, there seems no doubt that this 
is a definite inherital)le character, and tliat on hybridization 
segregation occurs with the formation of new homozygotic 
combinations. In dealing with the mode of inhei'itance we are 
confronted with the same ditliculty as in the case of the height, 
namely, the impossibility of a plant without leaves. Hayes 
supposes a basal caaidition of x leaves which occurs in all tobacco 
plants with a number of small interchangeable factors, each of 
which may rc])resent two leaves. Thus the same number of 
leaves ])er plant may in reality have been (caused by different 
combinations of cliaracters, i.e., twenty-two leaves may be 
X 1 A Abb or x } BBaa. 

Iffiere is nothing in the i*csults obtaiiu'd in these investi- 
gations to contradicts this hypothesis of a basal number of leaves 
combined with int(u*c]iangeable factors. The results in the 
cross Type 9 < Ty))e 51 ai)pear to be a direct confirmation. But 
the form of the curves obtained in the Fo generations point 
distinctly to the occurrence of factors of diffeu ent values. If all 
the factors w(ue more or less equal in value the form of thecui ve 
would be more uniform, and wouldnot showsuchdistinct modes. 
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4. THE ARRANGEMENT OF THE LEAVES ON 
THE STEM. 

Besides the height and the number of leaves, the habit of 
growth of a tobacco plant depends on the arrangement of the 
loaves on the stem and on the inclination of the leaves, i.e., on 
their tendency to assume an upright or a drooping position. An 
economically profitable plant for India should possess a large 
number of upright leaves on a stem of medium heiglit, Ihe 
majority of the leaves being borne towards the base of the stem. 
The inheritance of the height of stem and of the number of leaves 
has been dealt with in sections 2 and .‘1. No definite results can 
be given as to the position of the leaves, but in cross Ty])e 16 
Type 85, in which a form with droopijig leaves was crossed with 
one in which tlie leaves are u|)right, distinct segregation with 
the formation of intermediates was observed. Similarly in 
culture 694-28 (Plate XVI) the upright character of the leaves 
of 8’ype 51 was reproduced. 

The results concerning the mode of inheritance of the 
arrangement of the leaves are not very complete, but some 
interesting observations were made. With regard to this 
character, the plants can b(i divided into three groups: (I) 
those which (jarry all their significatit leaves at the base of 
th# stem and in which the leaves consetpiently lie on the 
ground ; (2) those in which the majority of the significant leaves 
arc borne near the base, the rest u]) th(^ stem, and (8) those in 
which the leaves are borne at e(]nal intcj’vals iij) the stem. 
This latter condif ion, which may be termed the “ ladder type,” 
is well seen in Type 51 and its offspring. No. 740 (Plate XV). 
This particular arrangement docs not depend on the number of 
leaves or on the height of the plant. Short and tall plants alike 
are found of this type. Type 16 is an example of a short plant, 
with ecpuil short internodes; culture N^o. 740 of one with ecpial, 
long internodes. In every case plants selected with fin's 
arrangement of the leaves have bred true as regards this 
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character. The Fj cultures 190, 36, 16, 163 and 9, of Tjrpe 
16 X Type 36 exemplified this. 

The first arrangement in which all the leaves are carried 
at the base of the plant, and of which Type 9 is a good 
example, also does not depend on the number of leaves. In 
the F 4 culture 738-96, which bred true to this arrangement, 
the number of leaves varied from twenty-one to thirty-two, 
and apparently the plant found no difficulty in crowding 
these thirty-two leaves at the extreme base. The leaves were 
fairly narrow, otherwise the lower ones would have rapidly 
died from want of light and air. This rosette arrangement 
has never been met with in a very tall plant. It appears in 
plants of medium height (Plate XVI, 694-103-120), but the leaves 
are not quite so concentrated. The dwarf rosette forms have 
been bred true, but as yet no taller ones. 

The second group, those plants in which the majority of 
the leaves are concentrated at the base, is a very variable one 
and contains a large number of different types which breed 
true. The difference in these types does not depend on the 
height, but appears to be influenced by large differences in the 
number of leaves. The same arrangement with twenty leaves 
and thirty-three leaves must appear dissimilar. The Fi 
generation between Type 9 (rosette) and Type 61 (ladder) 
was of this type. It is interesting . to note that in the Pg 
generation besides rosette and ladder types, two different forihs 
belonging to the second of the above groups have bred true. 
One with a few leaves at the base but which otherwise 
resembles the ladder type is shown on Plate XVI, 694-38-72. 
Another form with a great concentration of leaves at the base, 
694-23-1, is shown on the same plate. The latter is an 'excellent 
type for economic purposes and it is hoped to obtain a useful 
tobacco from it. The fact that this culture, ynth such a 
profitable habit of growth for economic purposes, has been, 
bred from two such useless forms as Type 9 and Type 61 is 
important. 
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5. THE INSERTION OF THE LEAVES ON THE STEM. 

In N. tabacum the leaves are amplexicaul and in many cases 
the lamina is decurrent.' The length of this decurrent portion 
varies from .5 to 7 or 8 centimetres. Forms with non-decurrent 
leaves are also found. As this is one of the few characters in N. 
tabacum in which total absence of the character is possible, it 
has been investigated in some detail. 

Particular attention was paid to the possibility of corre- 
lation between this and other characters such as the length 
of the internodes or the conliguration of the base of the leaf, 
but as far as can be ascertained there is no relation between this 
character and any other. Table XI shows the lengths of the 
decurrent portion of the lamina of three leaves and the 
lengths of the three corresponding internodcs in the Fg culture 
15 from the cross Type 16 x Type .35. It will be seen that there 
in no connection between the length of the internode and the 
length of the decurrent lamina. Two of the plants are figured 
on Plate XVII. Shortness of internode appears to have 
no effect in diminishing the length of the decurrent portion. 
Should the internode be shorter than the decurrent lamina, 
the latter simply grows on into the next internode past the 
next leaf (see Plate XVII, 35-.3). At the base of the 
plant Avhere the leaves are very concentrated it is true that 
this character cannot obtain its fuU expression, but there are 
always longer internodes above on which the real length can be 
observed. A limiting case might arise in Avhich the number of 
leaves being very large, the plant very short and the decurrent 
portion very long, the latter Aras ahvays stopped by the lamina 
of the next leaf, but such cases must be exceedingly rare, and 
none have been observed up to the present. 

It also seems possible that the configuration of the leaf base 
might influence this character and that the lamina of a leaf 
with large auricles or a broad base Avould be more liable to 
grow down the stem. This has, hoAvever, not been found to 
be the case. No. 159-44, Plate XVII, shoAVS a petioiate leaf 
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with a long decurrent portion ; No. 159-58 a broad leaf with a 
short one ; No. 159-11, a leaf with large auricles and a short 
prolongation of the lamina. 

Further, this character does not appear to be correlated 
directly with the width of the leaf. 

Measurements were taken in two ways, firstly, by measuring 
a typical leaf on the living plant ; secondly, by measuring 
three leaves on the plant when this had been uprooted 
for the observations on the height and number of leaves. 
The first method has the advantage that information on the 
inheritance of this character is available before the seed 
plants are chosen, the second is less fatiguing and more 
accurate. A large number of cultures have been examined 
by both methods and on normal plants either method gives 
good results. In this character a large amount of variation 
occurs, particularly in those leaves in which the decurrent 
portion is long. If is, however, a definitely inheritable 
character with distinct segregation (sec Tables Xlll, XV 
and XV). The approximate mean measurements of all 
the Indian types is given in Table XII (average of ten 
plants). It will be seen that the possibilities are numerous. 

Taiu.k. XII. 
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n 

38 
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Table XI f I gives the results obtained in tlie cross Type 9 
(non-decurrent) x Type 51 (with an avei’age of 6 cm.). The 
F] was intermediate between the parents and the F.^ covered the 
whole range between non-decurrent forms and those like Type 51. 
Several of the plants classial as non-deem rent in the Fj, however, 
gave rise to forms with decurrent laminas lati'r (cultures 738 and 
745). This maybe due to the tact that in the early inve.stigations 
the number of factors involved was not ri'ali/.cd and no measure- 
ments of less than .5 centimetres wme made. Oriait ditferences 
were observed in the F, geneiations, c.t., the eidtures 738 and 
132, but none of the cultures provial uniform. In l{)12..unfortu- 
nately all plants in which tlu* (hsairri'nl jiortion was shorter 
than 5 mm. were again classed as non-decurrent. (’idtures 
738 and (>94 weie continiu'd to the K, generation, results 

obtained from culture 738 w ill be considiTiHl lirst. Two plants 
Tvhich appeared similar to 'I’ypi' 9, winv chosim foi' futuri' 
cultivation, and four jilants who.si* leaves W(M'<> dccurri'nt to 
varying amounts, 5, 7, 1 1 and 15 mm. Of tlu' two cultures with 
non-decurrent haivcs, oni* bred true and resiunbli'd 'I'v pe 9. 
The other was a hetero/.ygote. .\ detailed examination of 
Typo 9 shows that occasionally the method of insiu'tion of thi' 
leaves caused the lamina to be attached to the sUnn for about 
3 mm. This makes it almost i mpiKssibii' to distinguish pure 
non-decurrent forms from the F, betwTcn non-disMurent leaves 
and those yiossessing the small(*st factor for a deeurrent lamina. 
In 1913 most careful measurements of all plants havi' bi'i'ii 
made especially in those casi's wliere llu' valui* was bidow 
5 mm. Three careful deti'rmiiiations were made* in tlu> ease 
of all the cultures derived from 738, and the mean of these form 
the data given in I’abh' XIV. The limits, wti'''n which I hi* 
splitting takes place, aiesosmall that it is very dillicult toobtain 
really reliable inforni d ion as to the extent and number of th(‘ 
factors, but there is no doubt of the difference lictween the 
cultures. It appears [irob.iblc that twm factors arc involved, 
one giving a length of about .5 or .7cm.; thootherabout 1.1cm., 



Takli xnr. 

Leng-th of the Decurrent Portion of the Lamina. Type 9 x Type 51. 
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Table 

Length of the Decurrent 

Lt'nutli of tilt' Dt'ciiin'iil UtiituMi of tlu* Laniiiuv 
in Alilliint'lrrs. 
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or there may he tA\o faetors of .o and .7 em. with a eomitination 
of 1.2 em. It will be .seen from the j;rai)hie i('|)resentali()ns 
(Plale XrV) that 73S-S1 witli a mode at 1.1 em. is most probably 
uniform, and eullurt' ],") with a mode at .7 em. possibly so. ^I'ht' 
number of plants w it h non-deeurrent leaves in eult un' 7118-1 0 ^i ves 
a ratio, total plants: those wit h non-d(“euirent h'aves. Id: l,whieh 
would also iudieate the existence of two faetors. Kurt her 
observations will be mad(‘ on this point, but on aeeount of the 
small size, t he dilbeulties of measurement and int(>i |)retation aie 
very great. Culture 094 must be considered next. This culture 
has never given any plants with nou-deeurrent leaves. Two 
cultures appear to be uniform, 094-1 with an axauage hmgth 
of the decurrent |)oi tion of 1.8 cm., and 0t)4-2.‘l with an average 
of 4.0 cm. The (hdailed measureiiHmts of tlu' culture 094-1 
are also given in Table XIV, and show by their range that 
this cannot possibly be idtmtical with the combination of faetors 
in tbe ctdture 798. As the parent plant of <‘>94-29 was the 
plant with tin* longest and that of 094-1 the plant with the 
shortest decurrent p.ution in the* K^ culture Gt)4, it is probable 
that 4.0 cm. the mean value of 094-29 represents the 
combination of the factor or factors of 094-1 with another or 
others. The existence ot at i(>ast three or four factors which 
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combiiio to make iijt the loiieth of tlu' deennent ])orti()ii of llie 
lamina in 'I’ype ol is therefore prol)al)le. 

The n'snits in cross 'IVp*' Ih 'rv])(' oo (Table X\'). arc 
also int(‘restin<j;. Heic both paients have the same averajje 
value, and the ranee of \ariation in the F, generation is exactly 
similar to that of the ]‘arents. Th(' length in th(‘ Fo generation 
varies from .o cm. to b.o cm., far Ix'vond the limits of the 
parents. Xo plants with non-deenrrent h'aves \\er(' fonnd. bnt 
this may have beem due to the eomparatividy small number 
measured. In the third generation there were great ditferenees 
among the enltiires, and plants with non-deeurrent leaves 
oeeurred in three* cultures. The nundeers in all these ease's 
((‘ultures 202, 27) point tee a ()3: 1 ratio anel eemseejuently te) 
the existence e)f 1 hre'c factors in tlu'se particular culture's. Higher 
values were leeuiul in the Fo than in tlu'se eedture's inelieating 
the existence of aelelitiemal fat*tors in the parents. This suppeesi- 
tion is eemfirme'el by the high values founel in the F, culture 1(13. 
'I’he large number e)f faetews invedveel woidel explain the absence 
of plants with non-deeeirrent le'ave's in the F ^ 'Phe fae teus w hieh 
are responsible for the length of the decurrent ])ortion of the 
lamina in Types 16 and 35resjx'elively would seem to beentirely 
different, even though their external ex})ression is identical. 
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(\jltiuc 161} probably represents 1 lie combination of all the factors 
in Type 10 and Type 35. The total variation is no greater than 
in Ty])e 51. 'I’he average value in this eultiiri* is greater than 
the eonibined average values of Type 10 c 'I’ype 35, but this may 
be due to the added] vigour due to hybridization. Further 
cultures will, it is hoped, put th(‘ matter beyond (piestion, and 
any explanation must be tentative until these have been 
examined. Culture 11)0 is probably uniform with regard to 
this character. 

The cross Type 23 Tyj)e 3S (Table XVI) is similar to that 
between Ty]M' 1) and Type 51. except that neither ])arenl has 
non-deeurrent leaves. The F, is internualiate and the range of 
variation in (lu* Fj gcMieration is the same as (hat covered by both 
parents. It would siann tlu'refore as if th(> same combination 
of factors was common to both parents w it h tlu' addition of extra 
factors in OIK' ])ar('nt. Culture 155 is uniform and like 'Pype 23. 
culture 104 is possibly uniform and like'l’tpe 3.S. but this cannot 
b<' assumed safely until further ciiltuii's are raised, as the 
variability is somewhat great. Tla* paicnt T\ pc 3S and tlu' 
Fj generation exhibit very great \ariation in the sa me plant. 

6. VENATION OF THE LEAVES. 

Th(' eharaeteis of the lamina itself will now be considered 
and of these the venation has jirovi-d to be the most constatd 
and easily measured. A feu words of explanation as ri'gards 
th(‘ choice of the mateiia! arc* necessary, aiul the following 
exjilanation refers to all measunMuents on the leaves themsidves. 
The lea VI'S of a tobacco plant are not all of the same kind, the 
lower or ground leaves an* vi'ry mtich alike in all the typi's and 
are not eharaeteristie of t he varic'ty. They arealmost invariably 
flat, and have a /enat ion of (><)". This is the case even in Type !), 
in which tin ujiper leavi's are twisted by e.xcess of undulation. 
These ground leaves pass by a fairly rapid gradation into the 
significant leave's, which are typical of tlio variety, and comprise 
most of the halves on the plant. 3’he significant leaves increase 
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slowly in size from the base and then diminish at the top of 
the plant, the diminution increasing very rapidly at the end. 
The leaves in the centre of the plant are approximately uniform 
in most of the types. Above the significant leaves come a few 
very small leaves which vary greatly in shape. In some of the 
broad-leaved types, they are small replicas of the large leaves; in 
types with lanceolate leaves they are linear ; while in many cases 
they may be linear even if the significant leaves are not lanceolate. 
In Tables XVII, XVIII, and XIX detailed measurements are 
given of all the leaves on three plants of each of the parents. 
Unfortunately, by the time the plant is mature, the lower leaves 
have become damaged. The large number of fairly uniform 
leaves in the centre of the plant is, however, evident. Type 9 
(Table XVII and Plate XVIII) is an example of an extreme case 
in which no two leaves are alike. The best material for all 
leaf measurements is undoubtedly to be found in the central 
leaves, which are practically uniform, and all the measurements 
in this paper have been taken on such typical leaves. It is 
impossible to choose any definite leaf (for example, the tenth leaf) 
suitable to all plants owing to the variations in the number of 
leaves per plant, but it is quite easy with practice to pick out the 
middle portion of the plant by eye and to select a typical leaf 
in this position. The tables show that in this region of the 
plant there are a large number of leaves, all of which are suitable. 
Measurements carried out on the parents by taking a typical leaf 
from a large number of plante have shown that the method is 
most satisfactory. The usual practice of obtaining the average 
between the bottom, the middle and the top leaf is open to many 
objections and would be quite unsuitable for the kinds of tobacco 
grown in India. It presupposes a uniform change in the size of 
the leaves on the plant, and takes no aocoimt of the large number 
of uniform leaves in the centre of the plant, which vary in their 
effect on the average with the number of leaves per plant, and 
the type of the plant. Moreover, thi6 determination of the top leaf 
is necessarily arbitrary. The real top leaves are far too small 
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In the plants marked * the \»i,Iues given aie the lueaii of tJiree determinations. 




Tahi.k XVII. 
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Dimensions of Lamina. Types 35 and 16. 
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Dimensions of Lamina. Types 23 and 38. 
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GABKIELLE I- C. HOWARD. 


S.) 

for measurement and iti many types the change between these 
and the significant leaves is very gradual. It is probable that in 
America the general unifortnity of the kinds grown makes this 
method more applicable. 

The actual procedure adopted in these investigations was 
as follows. Veiy small cardboard labels were pre])ared with 
the number of the plant and culture, and these were threaded 
with tine cojiper wire. These labels could be readily affixed to 
the leaf by ])aHsing the ends of the eop])er wire tlnough the mid- 
rib, and bcnditig them hat on the under side. The inclividual 
leaf chosen by the investigator for measurement was immedi- 
ately labelled in this mannei’ while on tlie plant. The leaves 
could then be removed and measured in some convenient place. 
The leaf after measurement was pressed with the label still 
attached, and thus a complete record of all the plants e.xa mined 
has beeii preserved. It is hoped to use this material in dis- 
entangling the factors which are concerned in the shape of the 
leaf. This method of attaching a label, which lies tlat on the 
mid-rib, and therefore interferes with no measiirement of the 
feaf while still on the plant, has prov'cd most useful. The 
labour of preparing the.se labels, threading the wire, and the 
subseijuent drying of the leaves, however, would not be possible 
for several thousand plants exce])t foi’ the chea]) labour avail- 
able in India. A second and a third leaf can be removed 
immediaiely above or below the first one chosen. 

The venation of the leavc's was detei’inined by measuring the 
angle between the mid-rib and the lateral vein with a horn 
protractor. Oidy differences of were noted. Experience 
showed that such determinations gave good results, and that 
the error generally was not more than These measure- 

ments were carried out in two ways, either while the leaf was 
still attached to the plant or on the detached leaf which had been 
selected for other measurements. The first method has the 
advantage that all the leaves can be examined in a general 
manner by eye at the same time as the measurements are made : 
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the second, that all the ineasurenicnts such as width, length 
and venation are made on the same leaf, (bmparative deter- 
minations on the same cultures by both methods give similar 
results. In most cases in lOKl, the data given are the mean of 
two determinations, but experience shoA\s thal where time is 
limited one carefid determination is quite sufficient. The 
difference between tlu* determinations vas not greater than the 
error of measurement. 

The angle of venation appears to be extraordinarily 
constant for any one type (see Table XVII) and to be 
largely inde])endent of the shajx) and Avidth of the leaf. 
This is shonn very well h\ Ty])e 9, in vhich the angle remains 
constant at .'>0°, while the shape and A\’Jlh of the leaves varies 
greatly. An examination of Table XX shows that the angle of 
venation in th(‘ Indian t > |X“s varies from 9.5° to 90° and that all 
the intermediate grades occur. The smallest angle, 35°, is found 
on a comparatively broad leaf. In Table XXI the relation 
between the venation and the shape of the leaf as expressed by 
the ratio length/breadth of t he leaf is shown tor the generation 
of Tyi)e 16 and Type .35, and also for all the Indian types on 
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Table XXf. 
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Table XX. It Bill he seen (hat there is no true eorrelatiou 
between tliesc' two eharaeters, and this i.s eonlirnied by many 
of the F{,(?ult ni’es in whieh the \enation was eonstant, but the 
shape of the leaf very variable -eiilture 202 and many 
others. There does, however, seem to be a limit to the oeeur- 
renee of the hijjlK'r angles. Those above To" ait' only met within 
leaves with small ratios. A more detailed evamination of the 
venation affoi’dsa possible ex|)lanat ion of thi<;, for that there is no 
incompatil)ility between alarge angle and a small ratio, is shown 
by the banain\ leaf. There is a striking ditferenet' in the leaves of 
the tobaeco between the behaviour of the latt'ral \ eins w hieh arise 
at an aeute angle and those in whieh the angle is large. The 




88 


STUDIF.S TN INDIAN TOBACCOS. 


former always go straight to the margin, whicli they naturally 
meet obliquely, while the latter curve at this point and run 
almost parallel to the margin. This may be lo avoid lupture of 
the lamina, or it may enable the food channels to serve a larger 
portion of the leaf for in the case of the acute-angled venation 
the veins cover a long distance', while when the angle is 90 the 
distance is very short. If the leaf is broad, this carving upwaids 
of the ends of the veins does not affect tlie angle near the mid-iib 
but if the loaf is narrow' the latter would be reducc'd. this may 
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explain why there is a limiting effect without true correlation. 

The study of the venation has yielded some most interest- 
ing results and has demonstrated very conclusively thi* existence 
of homozygotic combinations with values between those of the 
parents. Table XXII gives the residts of the cross Type 9 
Type 51. The F, is intermediate as usual, and the F.j covers the 
combined rang(' of tlu* [)arents. In the F,, only one culture, 
197, appeared to be uniform, and this had a mean venation 
slightly greater than Tv])e 51. The limits of variation were, 
however, very diff(‘rent in the various cultures, and two 

cultures in which thesi' overlap very slightly, 7.‘W and 094, 

were continued. From cidture 79S, with a range of 40° to 70° 
in the F,, the plants with (he lowest and highest angles were 
grow'U in the follow ing y<'ar, as well as four others. In the F, 
generation two cultures lit and t)0 wore uniform with an average 
venation of 50°. and a range of 4t>‘ to 55°, two others 58 and 
81 were uniform with an average of 00°, while one culture 15 
resembled the ])arent cultur<' 798 in every respect. The 
behaviour of the other cidture is not very clear; it may 
indicat(“ anotlu'r homozygotic condiination at 5.5°. Thus 
tw'o homozygotic combinations, representing 50° and (50° 

respectively, have been isolated, one of which is a replica 

of one of the parents, the other is new. The F4 cultures 
of 094 do not give such delinite information, but they indicate 
the occurrence of another homozygotic combination 05°-70°, 
and it is possible that 094-1 represents this. 

The cro.ss between Type 10 Type 9.5 (Table XXI 11) gives 
very similar results to those deseribed befon*. .Vll the cultures 
(four) with a venation of 50° or 45° have bred true ; one culture 
of which the parent ])lant had a venation of 00° has also bred 
true, and here again is the formation of a homozygotic 
combination intermediate between the two parents. Cultures 
200 and 8 are possibly uniform with an average of 75°. again 
a novum. The other cultures are a])parently heterozygotes 
splitting within different limits. 
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As the parents in the cross Type 23 x Type 38 (Table XXIV) 
are so similar as regards venation, no investigations on this 
character were contemplated. A few measurements were 
made, however, in the Fj as some other characters had given 
curious results in this generation. The results obtained in 
this generation afforded very striking evidence of the accuracy 
of the method adopted, and so a few cultures were measured 
in the Fj. Type 23 has a range of 70° to 80°, Type 38 of 60° to 
75°, both therefore overlap. The plants in the Fg generation 
had a range of 60° to 85°, the combined range of the parents. 
In the Fs, cultures were found like both parents, i.e.. 
Nos. 213 and 6, some like the Fg, Nos. Ill and 204 and others, 
which indicate the possibility of another homozygotic combina- 
tion with an average of 70°, 


7. THE LEAF SHAPE. 

The most difficult characters to investigate are those 
connected with the shape of the leaf. The large number of forms, 
all slightly different, with apparently endless modifications of the 
individual parts, appear at first to defy analysis. A detailed 
study of the existing forms and their behaviour on hybridization 
shows that the number of characters is not so great as might be 
supposed, although the factors composing such characters 
are probably numerous. The form of a tobacco leaf can be 
expressed by a determination of the following points : (1) 

ratio longth/breadth, (2) position of the greatest width, (3) 
amount of indentation at the apex, (4) amoimt of indentation at 
the base, (5) shape at the point of insertion, that is, whether 
auriculate or not. According to the evidence which has accu- 
mulated during these investigations all these characters are 
inherited quite independently of one another. 

The influence of the ratio length/breadth on the shape of 
the leaf is obvious. The ratio depends on the two variable 
characters, length and breadth. Apart from environmental 
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influence, tlie width of the leaf is not dopeiulent on the lengtli. 
The Indian ty])es of tobacco, with their great diversity of leaf 
shape, illustrate this point well. In countries with a liigh level of 
agriculture, economic considerations have eliminated all varieties 
except those possessing a certain type of leaf, a [)road leaf with a 
largo surface. In India, on tlu' otlier hand, avIhmc the conditions 
of seed selection are primitive, and vlicre thickness of leaf is 
desired for certain purposes, the (‘ultivation of forms with very 
narrow leaves has persisted. Typi* 9 (Plates land X\Mll)ivS a 
very good example of a long narrow leaf and in IVpes 1(5 and 
35 we have tw^o h^avivs similar in length (a\(‘rage length, 42.9 
cm. and 40.(1 cm. i(‘specti\ely) with a very great difference in the 
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width (average width 11. 1 cm. and 29.2 crn. respectively). 
On Plate XIX are shoAvn some of the leaves of the genera- 
tion of tin’s cross, draAvn to scale. 

All the evidence accumulated during these investigations 
tends to show that differences in width can be inherited ((uite 
independently of the length. The very great effect of fluctu- 
ating and temporary changes in environment on the size of 
the leaves makes a thorough study of the inheritance of the 
width or of the length difficult and necessitates a large number 
of measurements. Time has not ])ermitted me to measure 
sufficient leaves per plant to make any very definite statements 
as regards the factors composing these characters. As regards 
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the environmental influences, however, both the breadth and 
the length appear to be similarly affected, and the ratio between 
the two is therefore less dependent on these influences. The 
ratio length/ breadth has been studied in three crosses (see 
Tables XXV, XXVI, and XXVIT). The results are very much 
the same as in other characters. In Table XXV the ratio from 
Type 9 is not given, as it will be evident from Table XVI that 
no two leaves are alike in this respect. In Table XXIV the 
most interesting culture is 694 which, although almost uniform 
in the Fj generation, has showi\ further segregation in the 
following year. 



Fig. 1. Leaf shape and position of greatest width. 


In cross Type 10 Type 35 where the length of the leaves is 
approximately the same, but the width very different, the ratios 
formed by a eombination of the length of one with the width of 
the other are the same as the original ratios. The data of the F, 
generation clearly noint to the action of several factors in 
producing the difference between the widths of the two leaves. 

The position of tin greatest width is a very important 
point in dealing with the Icat shape. The above diagram 
shows hoAv the appearance of the leaf can be entirely altered by 
varying the position of this point. 
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In Type 51 the position of the greatest width has been 
determined for a large number of leaves, and is always half-way 
between the apex and the base. In Type 9 it is lower at a 
point two-fifths from the base of the leaf. Determinations of 
this point made in the ^’4 generation on cultures derived from 
694 showed that all were uniform in this respect and resembled 
Type 9 exactly, although in size and ratio length/ breadth they 
were very like Type 51. On Plate XX some of these leaves 
are shown, contrasted with a leaf of Type 51. Apparently this 
character can be inherited quite independently of the ratio 
length/ breadth and it is possible to combine in the same leaf the 
ratio length / breadth of one parent with the greatest width in the 
same position as in the other parent. Similarly, very distinct 
segregation as regards this character was observed in the cross 
Type 23 Type 3S. A large number of cultures have been 
measured with reference to this point, but as the number of 
tables is already groat, the results will not be published until 
the fuller investigation of the factors concerned with the 
shape of the leaf is completed. The measurements were carried 
out by moving a steel measure at right angles up the leaf until 
it denoted the greatest width, when its position was marked by 
inserting a needle into the mid-rib. The distance between this 
point and the base of the leaf was then determined. 

The ratio length/breadth and the position of the greatest 
width are sufficient to determine the general form of the leaf in 
all cases. If we further imagine pieces of varying size to 
be cut out at the apex and base of the leaf we are able to 
reproduce the leaves of all the existing types. If we postulate 
the existence of independent factors the effect of each of which 
is to cause a different indentation in the outline, all the facts 
which have been discovered during this investigation can be 
explained. 

The most striking example is that given by the cross 
Type 23 x Type 38 (Table XXVIII). Both these forms 
have sessile leaves, but the amount of indentation near 
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the base is different (see Plate XXI, in which both parents 
and typical leaves from the Fj generation are shown). The 
measurements were obtained by measuring the lamina on 
either side of the mid-rib and obtaining the Inean value. 
This is preferable to any measurement across the leaf as it 
eliminates the width of the mid-rib, which is probably an 
independently varying character. The outline of Type 33 
is almost straight, while that of Type 38 is suddenly contracted. 
On hybridization, the F, has a bigger indentation than either 
parent. In the F 2 , petiolate forms occur in which the amount of 
lamina on either side of the petiole is less than .3 cm. All stages 
between these and Type 23 were found. Nine cultures were 
carried on to the F,. The pet'olate forms. Nos. 117 and 213, bred 
true in the third generation. If the indentation in the parents be 
due to two different factors or combinations of factors, then the 
effect of their combined presence might be to reduce the lamina 
to a negligible amount. These forms possessing both factors 
would be homozygotic and breed true. Two cultures. Nos. 156 
and 204, which in the Fg possessed a small amount of lamina gave ^ 
a progeny of petiolate and sessile forms which could be easily 
separated both by eye and by measurement into three distinct 
groups in the ratio 1:2:1. The actual numbers were asfollows: — 

Culture 159 — petiolate 25, intei mediate 52, sessile 27. 

Culture 204 — petiolate 24, intermediate 48, sessile 33. 

The parent plants were probably homozygotic for one factor and 
heterozygotic for the other. 

Three other cultures gave progeny in which a certain 
number of petiolate forms occurred, but these formed a 
series with the sessile forms, and the number of such 
plants was much less than a quarter of the whole. In two 
cultures. Nos. 104 and 111, no petiolate foruijs ot all occurred. 

If the presence of both indentations is possible, the absence of 
both must also be possible. Some leaves with an outline 
showing even less indentation than Typo 23 were found, but 
the range of variation of the latter was, in 1913, so great that 
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this could not be confirmed by direct measurement. These 
cultures were very luxuriant and over-grew their normal limits. 
The question is complicated by the fact that the indentation 
of Type 38 is sudden and short, while it is gradual in Type 23. 
Indications of a segregation in this direction were also observed. 
These results indicate that the apparently stalked varieties 
of tobacco are not really petiolate, but sessile. This 
explains the alate nature of the petiole and the fact that in many 
such types the upper leaves arc sessile, the lower petiolate. 

Further evidence on this point was obtained from the other 
two crosses. Many cases in which the form of the lower part 
of the leaf varied, but the indentation factors did not differ 
so wideh as in Type 23 and Type 38, were observed in the F 4 
generation of the cross Type 9 Type 51. No petiolate forms 
occurred, showing that the combined effect of the indentation 
factors was not great enough to remove all the lamina. Different 
ranges were shown by different cultures. 

Observations in the Held together with a comparison of 
Tables XXV, XXVI and XXVII, show that these indentation 
factors are inherited quite independently of the leaf ratio and also 
independently of the width of the leaf. Environmental in- 
fluences would, however, by influencing the vigour of the plant, 
affect both alike. 

Plate XXII shows three leaves selected from culture 738-81, 
in which both widthandlengtharethesame but theamount of in- 
dentation at the base varies. On the same Plate are shown two 
leaves of 738-19, in which the length is the same, but the width 
and the form of the base vary. In some cultures the configuration 
of the base was uniform, such as 694-1. Plate XIX gives a very 
good indication of the range obtainedas regards tliis character in 
the cross Type 16 \ Ty})e 35. The Fj cultures showed very differ- 
ent limits of variability. In one case, culture 9, there was 
apparently only one heterozygotic factor, a separation by eye 
gave twenty-five plants with a similarly broad base in 108 
plants. 



? 100 btodim m mBus towwdi. 

A similar explanation to the series of inoiepeuueav 
tion factors appears to hold good in the case oi the leaf apeSc. 
A curious feature of the leaves in some of the Indian tobaccos is a 
sudden constriction of the lamina near the apex of the leaf, which 
gives the appearance of a prolongation of the surface into a 
long slender tip ; in others the tip is short. Good examples of both 
these cases are seen in the Fj generation of Type 16 x Type 35. 
(Plate XIX). At first sight it would appear as if this sudden con- 
striction were absent in both parents but indications of it can be 
detected in the apex of Type 16, although the narrowness of the leaf 
has diminished its effect. Evidence as to the independence as 
regards inheritance of the factors concerned in the configuration 
of the apex is given in this Plate. Other examples are shown 
on Plate XXIII. . In 738-81, Nos. 14 and 60, are shown two leaves 
with similar apices but dissimilar widths, in 738-16, Nos. 38 
and 96, are shown two leaves with the same width, but dissimilar 
apices, while 738-19, Nos. 68, 47 and 23, show the two extreme 
forms of apex found in that culture with an intermediate form. 
All these drawings are to scale. 

In three F, cultures of the cross Type 16 x Type 35, the 
leaves could be divided by eye as regards the configuration of the 
apex, into three different groups giving a ratio 1:2:1. This 
shows that the plant was heterozygotic as regards one 
apical factor only. Culture No. 9 gave 29 leaves with 
broad apices ; 50 intermediate ; 30 with pointed apices. 
Culture No. 35 gave 30 : 60 : ,24. Culture 163 bred true as 
regards the apex. These three cultures are illustrated in 
Plate XXIV. 

No information is as yet available as regards the inheritance 
of the presence and shape of auricles at the base of the leaf. 

It is hoped to publish a further paper on^ the factors con- 
cerned ki the leaf shape when the study of tbe pressed leaves 
has been completed, but enough evidence has been given in thi« 
section to show that the form of the leaf can be expressed by k 
knowledge of the ratio length/breadth, the position of greatest 
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width, and the amount of indentation at the apex and base. 
All these characters vary independently of one another and can 
be inherited separately, and their mode of inheritance can be 
explained by the existence of independent interchangeable 
factors. 

8. CHARACTER OF THE SURFACE AND THE MARGIN 

OF THE LEAF. 

These characters are very difficult to investigate. In the 
first place, the nature of the irregularities in the surface may 
be different ; in the second place, the various stages and 
combinations are very difficult to distinguish by eye ; in the third 
place, even the so-called fiat leaves have a certain amount of 
undulation at the base. From a study of the various Indian 
types, the following conditions appear to be the most frequent — 
large undulations of the whole leaf as in Type 9, large undulations 
confined to the base only, a general puckering of the surface 
between the veins and a small undulation or “frilling” of the edge. 
This frilling of the edge occurs in Type 51, but is best shown by 
the photograph of a plant which arose from the cross Type 9 x 
Type 51, namely. No. 694-23 in Plate XVI. 

The investigations on this point have been confined to 
the cross Type 9 x Type 51. Type 9 has a leaf which is very 
undulate aU over, while in Type 51 the edge is friUed but the 
surface is flat except at the extreme base, where an occasional 
slight undulation may occur. Taking the leaf surface only, 
it was found that the Fi was intermediate and that the Fa 
showed a series of forms intermediate between both parents, 
with a slight intensification, a few plants being more undulate 
than Type 9. Two hundred and fifty plants were examined by 
two observers. It was found possible to distinguish seventeen 
plants like Type 9, and three slightly more imdulate. Fifty- 
seveUjplants were found with a slight undulation at the base or 
quite flat. These two classes could not be sub-divided. The 

7 
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remainder could be classified as follows base slightly undulate^ 
slightly undulate all over, undulate at the base only, undulate 
all over, very undulate all over, a little less tmdulate than Type 
9, — showing that in all probability the undulation of the base 
is determined by a different factor to that of the general surface 
of the leaf. The numbers obtained indicate the existence of two 
factors and aratio of 15 : 1, namely, 17+3 plants like Type 9 in 260 
plants gives a ratio 11.6 : 1. It is, however, possible that the 
occasional undulation noticed at the base of Tjrpe 61 owes its 
existence to a third factor and that the plants that were even 
more undulate than Type 9 represent the combination of the 
factors involved in Type 9 plus this factor. The ratio 247 : 3 
makes this appear possible. The seventeen plants like Type 9 
would consist of the homozygotic combination Type 9, the 
heterozygotic intermediate between Type 9 and Type 9 intensi- 
fied by the factor from Type 61. In a three factor combination 
the ratio of these to the total number of plants would be 3 : 64, 
i.e., there should be twelve plants, not seventeen. The number 
of plants examined is, however, two few to enable any definite 
conclusion to be drawn. 

The “frilling” of the edge appears to be inherited indepen- 
dently of the surface undulations. This character cannot 
be observed when the general undulations of the leaf are great. 
In the present case this character was observed on fifty-seven 
plants. Of these, fifteen had no frilling at the edge, the others 
were frilled to a varying degree. This gives a ratio 42 : 16, or 
2.8 : 1, so that here we are dealing with a simple factor. Some 
of these plants with fiat leaves and frilled margins were 
carried on in the Fj generation, and the following results were 
obtained : — 

Culture 694 — 106 plants, 78 with frilled margins, 27 with flat 
margins. 

Culture 167 99 plants, 73 with frilled magrins, 26 with flat 
margins. 
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9. COROLLA. 

As regards the corolla the following measurements were 
made on both parents, the F, and P, generations in the cross 
Type 9 x Type 51 — length of the flower, length of the individual 
petal, niaximum breadth of the petal, basal breadth of the 
petal, breadth of the corolla tube .and breadth of the funnel. 
The results observed were similar to those obtained in the leaf 
characters. The intermediate nature of the Fj was perfect 
even to the method of pollination. The F^ generation gave a 
series covering the limits of both parents. The full data are not 
given here as they present no new teatures, but a graphic 
representation is given in Plate XXV. Want of time made 
further measurements in the F, and F 4 generations impossible. 

The difference in the colour of the corolla in this case 
was probably due to two factors. The F, generation could be 
divided into more than three groups, and those classified as 
white formed one quarter of tlie whole, forty-five plants o\it of 
117. The large number of gradations obtained in the F, 
generations indicate that this is probably not a simple 3 : 1 
ratio, but that some of the palest pink combinations were 
indistinguishable from white. 



V. ('ONCLUSIONS. 


The rosiiUs obtained in these investigations may be briefly 
summed up as follows 

1. In any slatistieal investigation on tlie mode of inheri- 
tanee, the uniformity of tlie environment in wliieh eaeh set of 
cultures is grown is e\eeedingl\ imj)ortant. Comparisons 
should not be drawn Ix'tween eulturc's unless they are grown 
close to one another with fu’l precautions as to uniformity in 
en \ ii'on mcMit. B_v careful att(mtion to cultural details it is 
possible to reduce greatly the effect of (uivironmental fluctua- 
tions. 'riie importance of using in such investigations only 
normal, well grow'ii plants cannot be over-estimated. 

± Parthenogimesis in A’, tahicuiii, under the conditions 
obtaining in hybridization work at I’usa, is lu'gligible. 

.‘5. In all characters excejit height, the F, generation is 
intermediate between tlu' parents. In th(' case of the height, 
difl’cri'iit results were obtained in dilfcrent cro.sses. This 
nui} be due to added v igoiir in t he hybrid plants. It is suggested 
that the differences in the increase ])roduced b_\ this may dejiend 
on dilfereiwes in th' number of dissimilar factors in the 
])a rents. 

4. In all cases the limits of variation in the 1C generation 
have beiMi as great as those of both parents combined or have 
exceeded thi'se in b'th directions. In some cases, where the 
parents and tlie F, generation were all alike*, the variation in the 
IC was \ery great. This can readily be* e.* plained by the 
h\ pothesis that most of tin* factors possessed by the parents are 
different. 

5. Selected variates of the F, g(*neration gave cultures 
which difh'ri'd in tlieir rangi* of variation from one another, and 
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often from the parents —the range of variation diminishing 
with further selection. Certain cultures showed so small a 
range of variation as to appear uniform ; some of these 
resembled the parent forms, some were new. 

6. Observations on the time of flowering during fom* 
generations resulted in the isolation of a culture how^ering slightly 
earlier than one i)ar(Hil, and others flowding much later, together 
with some in which the range of variation was great. 

7. It has been show'n that although the heights of tobacco 
plants may onl\ dilTe]' slightly, nexertheless the factors on 
wdiich such heights de])end may b(^ almost all different. In one 
cross, a noAV form (probably miiform) nuudi shoi'ter than the 
shorter parent, has Ix'en isolated ; in another cross, forms 
resembling both parents were obtained. If there is a basal 
condition of lunglit common to all tobacco ])lantsit must besmall. 

8. ^Phe number of leaves per plant does not depend on the 
height of th(^ plant and is practically imh^pendent of tlu^ environ- 
ment. The inh(M’ilanc(‘ of this character can be ex|)laiiied by 
a basal condition (of not more than nineteen leaves) common to 
all types of N, laJxtvioth (*ombin(‘d with inde[)endent factors 
which can add to this number. These factors are ])robabl\ 
different in magnitiuhx that is, the\ re])i‘esent an addition of 
different nund)ers of Umacs. 

t). Distinct segregation has been obseiwed as regards the 
arrangement of tlu‘ lea\(*s on tlu' stem. The ari*ang(‘ment with 
internodes ol e([ual length invai iably bic'eds ti ue. 

10. The length of the decurrent portion of the lamina is 
probably due to the existeiua* of s(‘V(‘ral factors. Hybridization 
botwren plants w hose lea ves are etpialh decurrent has produced 
forms wdth nondecurrent leaves. The differences in length due 
to the various factors may be very small. 

11. The most suitable leaves for measurements of the 
lamina are those in the centre of the ])lant. 

12. The venation of the leaves is one of the most constant 
characters of the plant. On hybridization, the parent forms 
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have been re-isolated in the Fj and F 4 jjjenerations and also 
constant forms with intermediate venation. Many of the 
factors involved have a very small external etfi'ct. 

13. Till' shape of tlie leaf in ^V. labocutii may be defined by 
the ratio length breadth, position of (he greatest width, amount 
of indentation of the apex, amount of indentation of the base, 
nature of the insertion, whether anrieulate or not. All these 
characters can be inlierited independently of one another. By 
the liybridization of two forms, in which the indentation factors 
of the base diffei’, “ petiolate ” forms which at once breed true, 
are produced l)\ the' combined action of the factors. All 
“ pi'tiolatc ” leaves in this species are probably sessile leaves 
with dc(‘p indentations. 

14. The irregulaiitii's of the surface of the leaves depend 
probably on sev'cral factors. The undulation of the marcin 
in th(‘ particular casi* investigated ])roved to be due to a single 
lactor which is inherited indepi'mh'Utlv of the factors concerned 
in the surface of the leaf. 

lo. Measurements of the size of the corolla show (hat this 
organ resembles the leaves in its mode of inheritance. 


From the above results the follow ing general conclusions may 
be drawn : The data obtained by a study of the characters of 
A. IdhorKiii show that then* is no inherent dilTenmci' in tlu* modi' 
of inheiitanee of ordinary ipialitative characters (such as the 
colour of the corolla) and of those characti'rs eonni'cted with the 
size of the organs which ari' subject ti; tluctuating variability. 
All the resulis obtained can be explained by the Arendolian 
assumption of segregation of characters, combini'd with the 
hypothesis that in connection witli each ctiaraoter a large 
number of factors e\i^t, each of which can be inherited indepen- 
dently. Tills conclusion is supported by the great range of 
variation in the F^ generation, the formation of extreme forms 
in this generation far outside the limits of the parents, the differ- 
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ences and diminution in the range of variation in the cultures 
raised from different variates of the F2 generation and by the 
isolation in the F^ and succeeding generations of forms like 
the parents and also of intermediate forms which breed true. 
This isolation of new forms ca»i easily be explained by a 
rearrangement of the factors. 


Pusa, 

April 22nd, 19i;{. 



APPENDIX. 


DESCPvIPTION OF THE TYPES USED IN 
IIVPPIDIZATION. 

Tjipv //. Plants late, (all ; hcij^ht 150 otn. ; lower inter- 
nodes short, iip|)er ones long; most of the largo leaves borne 
near tli<‘ ground; no large leaves in the upper (wo-thirds of 
the plant. Ijans ])etiolate, ])etiole is slightly alate in the 
lo\\('r leaves, nioi'e so in the upper ones ; the wings are 
deourrent d(n\ n tlie main stem tor about 2.5 em.; leaves inserted 
at an angle i)f 00" and bend downwards from the top of the 
])etiole, asymmetric; shape varic's from ovate to lanceolate 
av'coi’ding to the ])osition on the stem ; venation acute-angled, 
secondary veins arising at an angle of about 60"; ape.x acute; 
margin entire or slightly undulate ; colour blue-grecm ; texture 
thi(‘k ; average length of petiole 6 em. ; average length of 
lamina 4t) cm. ; ratio length breadth 2.5. hifloir.'^ccnce leaven 
petiolate, peliol<> not abate, inserted at an angle of 60° 90", 

lanceolate ; apex acuminate ; margin generally entire, some- 
time undulate. [ itjlnreneenei raisval, side braticlu's borne at 
regular distances up the stem, ])arallel to but not as long as the 
main axis. FJoirers a deep pink colour which does not fade 
much; length 4.) mm. ('alifx slightly globular and inflated, 
about one-third tin* length of the corolla ; teeth moderately long 
and acute. C imlla with an orifice 8 mm. in diameter, a broad 
tube, and the transition between the tube .uul the dilated 
portion abrupt ; hmb not veiy deeply divided with folds at the 
junction, of tne lobe ; lobes very rounded at the base ; apical 
points short and somewhat rellexed. Capsule much longer than 
the nersistent calyx, conical ; apex blunt. 
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The anthers burst as the Hower expands, not in tlie bud, and 
at this period are above the stigma. In the fully open iloAver the 
burst anthers are about 5 mm. above the stigma and proje(*t well 
beyond the orifice of the corolla. 

Typ(^ III. Plants very late, tall ; height 150 cm. ; lower 
internodes very short, uppei* internodes long ; some of tlie lowest 
leaves lie on the ground, the others arc' borne at Jong intervals 
up the stem. Ijan.s petiolale with alate petioles, tlie wings 
of the petiole expand on rc'aelhng tlie stcnii and are amjilexicaul 
and dc'current for 5 cm. ; leaves inserted at an angle of aliout 
()0° and bend downwards ; sha[)(' ovate to cordate ; secondary 
veins arise at an angle of more' than bO'' ; apex acute* ; margin 
undulate; leaf undulate; surface puckered; texture thick; 
colour dark blue green ; a\ei‘age length of petiole 5 cm. ; 
average length of leaf 41 cm. ; ratio hmgtli breadth 1.5. 
I nflon nv( bans petiolate with \er\ short alate ])e(ioles, 
i?iseited at an angle* of o\ate; a])e\ acuminate; le*af 

undulate and suihice* ge*ne*rall\ ])uckered. I Hflorc^cf nc( with 
fewN flowei’s and with \ery spreading sieU'shemts which arise at 
re'gular intervals on the up])er half of the main ste*m. The* side 
branche's l)e*ar \er\ tew flowers. pink, the colour e'asih 

fade's ; le*ngth 42 mim (^dyr globular anel inflated, less tlian one* 
third the lengtli of tlie* e*orolla ; te'oth moderately long and 
acute. (\)r()U(f with a broad tube and short dilatation, diameter 
e)t orifice 8 mm. ; the transition between tlie* tube* and the* e*x- 
panded [)ortion abru])t ; limb ne)t \er\ ele*epl\ eli\ideel; lobe*s 
much roundeel, pointed but with no eiistinct apical points. 
(\([)sulc much shortei* than the persistent calyx, conical ; .\pe\ 
blunt. 

The anthers burst as the floA^er expands, not in the buel, 
and occupy a position above tiie stigma. In the* fully open 
flower, the burst anthers are about 5 mm. above the stigma and 
project much beyond the orifice of the corolla. 

Type IX. Plants early, dwarf; height 104 cm.; lower 
internodes very slmrt, causing nearly all the large leaves to lie on 
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the ground. Leaves sessile, inserted at an angle of 90°, slightly 
amplexicaul, lanceolate, lamina much narrowed towards the base, 
venation acute-angled, .secondary veins arising at an angle of 50°; 
apex acuminate, median leaves prolonged into very long thin 
points ; margin and lamina with deep undulations, lamina 
raised betAvoen the secondary veins, giving the appearance 
of folds or ridges ; colour dark green ; texture very thick ; 
average length 56 cm. Inflorescence leaves sessile, in- 
serted at an angle of 90° and droop dowuAvards from 
the base, lijiear ; apex acuminate ; the whole leaf is very sinuate 
and sometimes even tAvisted. Inflorescence conspicuous and 
raised aboA'^e the leaA'^es, with numerous .side shoots which are 
almost as long as the mai i axis and not very .spreading. 
Flowers a very pale pink colour, .short (.‘16 mm.). Calyx tubular 
Avith long and acute teeth, more than half as long as the corolla. 
Corolla with a AAude orifice (11 mm.), and a broad tube, the 
transition betAveen the tube and the dilated portion someAvhat 
gradual ; limb divided to about half its depth ; lobes rounded 
at the base ; apical points short, straight and only slightly 
reflexed. Capsule cylindrical Avith a .someAvhat blunt apex; 
persistent calyx longer than the capsule. 

In the unojiened bud all the stamens are bcloAV the stignuu 
The anthers burst ju.st as the floAver ojiens while they arc still 
beloAv the stigma or at the most touch the underside Avith their 
apices. In the open iloAvers the stigma is much above the burst 
anthers and all jnojcct beyond the orifice of the corolla. In 
some of the buds the stigma is visible between the still closed 
lobes of the corolla. 

Type X 1 /. Jdants somewhat early ; height 141 cm. ; • 
habit very open, internodes long, only two or three leaves lie on 
the ground. Lea res ses.sile, inserted at an angle of 90° and 
droop doAAuiAAards from near the biise, amplexicaul, sometimes 
slightly auriculate, decurrent, lanceolate, lamina slightly 
nanoAved at the base ; secondary veins arise at an angle of 
50 : apex acuminate ; margin entire ; lamina flat except 
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for occasional slight undulations at the base of some of theleaves ; 
colour very light green ; texture medium ; average length 
46 cm. ; ratio length /breadth 4.1 Inflmescence hitre.H 
similar to the lower leaves but much narrower, in some cases 
linear, and the undulations at the base are more marked. 
Inflorescence raised with long side branches which are somewhat 
parallel to and not as long as the main axis. Flowers few in 
number, pale pink ; length 50 mm. Calyx tubular, somewhat 
inflated, about one-third tlie length of the corolla ; teeth long 
and acute. Corolla slender, with an orifice 8 mm. in diameter ; 
tube slender, the transition between the tube and the dilated 
portion slightly abrupt ; limb divided to about half its depth ; 
lobes rounded at the base ; apices very pointed hut no apical 
point. Capsule shorter than the persistent ealyx. conical; 
a])e\ pointed. 

The anthers burst in the bud when level with the stigma. 
In tlie fully open Mowers the empty anthers are just above the 
stigma and generally slightly project from the orifice of the 
corolla. 

Type XX /II. Plants somewhat early; height 186 cm.; 
leaves few', lower interiiodes short, causing some of the leaves 
to be borne very near the ground, upper internodcs long ; 
inflorescence raised in a few long slender bl anches, /.can s sessile, 
inserted at an angle of 1)0° and bend downwards from near the 
base, amplcxieaul, veiy slightly deeurrent. elliptical, lamina 
slightly naiTOwed towards the base ; secondary veins arise at an 
angle of 75° ; apex acuminate ; margin and base of leaf 
undulate ; surface puckei’cd ; leaf not fidly expanded but folded 
on the midrib ; colour yellowish green ; texture thick ; average 
length 46 cm. ; ratio length breadth 2.3. Inflorescence learc'i 
similar to the lower leaves but narrower. Inflorescence raised 
on a few, long, spreading branches. Floicers few, pale pink; 
length 45 mm. (^nlyx tubular, somewhat inflated, a little less 
than half the length of the corolla ; teeth moderatel}^ long and 
acute. Corolla with an orifice 8 mm. in diameter ; tube broad. 



112 


STITDIKS IN INDIAN TOBA(XUS. 


the transition between the tube and the dilated portion somewhat 
abrupt ; limb divided to about half its depth ; lobes not rounded 
at the base ; apical ])oints long and sometimes oblicpie. Capsule 
shorter Ilian the persistent (‘alyx, cylindrical ; apex blunt. 

The anthers burst in the bud or as the flower is expanding 
and are then just above the stigma. In the fully open flower 
the empty antlu^rs and the stigma maintain their relative 
])ositi()ns and aie level with tlu' ()i'ifi(*e ol the corolla. 

XXXV. i^ants sommvhat early, short with exceed- 
ingly broad 1ca\(^s: height HKi cm. ; inteinodes very short, 
several lea\es lie on tlu^ ground. Lidns sessile, inserted at an 
angle of hi)'’ aft(‘i w aids b(‘(‘oming horizontal, auriculate, ainph'xi- 
caul, (Iccurnait for aliout 1 cm., tlu^ decurrcnt portion of the 
lamina being \eiw broad, elliptical : s(M*ondary Acins arise at an 
angl(' ol SO"" ; apex acute; margin with slight regular undula- 
tions: surface ^ colour blue-grcMui ; texture thin; 

average^ haigtli of leaf 4<S cm.: I'atio length breadth l.b. 
f)ill()r(sr( ifr( resmnble th(‘ lowei’ hsues in ever\ jiarticulai' 

but are smaller*. iHfloH^coin inconspicuous, scarca'ly raised 
ami much Iiiddcm by th(‘ larg(^ l(‘a\(‘S ; side* braiuda'S few, short 
and spreading. Flofvo's large, a \er\ dc(‘]) pink colour which 
does not fad(‘ ; length oO mm. i^dhfx globular, inflated, about 
oiH'-third the liMigth of tlu' corolla: teeth short and obtuse. 
Corolla with an exceedingly broad tube*; diameter of the orifice 
about 10 mm. ; traiMition betwc'en the tubt^ and the dilated 
])oiiion abru])t ; limb eiuire with slight indmitations between 
the lobes which ha\enoapiCcd points. fV//>-s 7 //ce({ual in length to 
peisistent e il\x, bioad, conical ; apex blunt. 

The anthers ai d stigma are at the same hwel both in the 
expanding bn 1 and in the lully open flower. The anthers burst 
just as the flowei opens. Both anthers and ^iigma remain just 
below the level of th(‘ (*or<^)lla orifice. 

Tj/p'^ A A Ad in. plants somew hat late and tall ; height 
L54 cm. ; internodes short, giving the plant a somewhat bushy 
appearam'e, sc'veral large leaves near the ground. Leaves 
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sessile, inserted at an angle of 60°, the upper portions of the leaves 
tend to become horizontal, amplexicaul, auriciilate, decurrent, 
elliptical, lamina ordy narrowed just at the base ; secondary 
veins arise at an angle of 70° ; a])ex acute ; margin with regular, 
very small undulations ; surface slightly puckered ; colour 
light green ; texture thin ; average length 47 cm. ; ratio 
length breadth l.S hiflorr^srrnrr Irarrs similar to the lo\\(‘r 
leaves. Inffore.scenrr not conspi(*uous and not much raised. 
Flowers very ])ale pink in colour ; length 45 mm. 6V////.r 
globular, inflated, about one-quarter the length of the corolla ; 
teeth moderately long and acute. (U)wlJ(i with a wide orifice 
(diameter 10 mm.), tube (exceedingly broad and the dilated 
poi’tion vciw short, the transition between the latter and the 
tiib(e v(erv abrupt (the sha])e of the corolla in this t\ pe is uniciue 
among th(e hidian tobaccos) : limb (piit(e entire. 
longer than the persistemt calyx, conical : apex pointed. 

The anth(M*s do not burst in the bud but as the corolla 
expands, w4ien th(e anthers are well above the stigma. In the 
fully open tlower th(' bui'st anthers are about 5 mm. above the 
stigma and proj(H*t from tlu' orilice of the (‘orolla. 

7b/y>c IjL Plants som(w\hat late, very tall ; lunglit 178 cjn.; 
int('rnod('s long, l(‘a\es l)orne at regular int(M’vals up the 
stem, none on tlu' ground ; inlloiescenc(' not \(My conspicuous. 
Leaves s(\ssile, inserted at an angle of ()()°, slightly ampk'xicaul 
and auiiculate, ck^curi’cnt foi’ 5 (*m. oi* more, the d('curr('nt 
portion broad: shape elliptical, lamina soiiiewhat nai’j'owcal in 
th(‘ basal thiid of tlu^ U‘af ; secondaiN \(Mns arise at an angV' 
of about S()° ; a])(‘x acute ; margin v(m*v slightlx undulat(' and 
recurved; surface slightly ])uffy or puckertMl ; colour dark 
blue-gre(Mi ; texture veiy thin ; axerage length 45 cm. ; latio 
length /breadth l.S. Tuflore'^cvncv Imvis similar to the lower 
leaves, but with more acute apices. Iiiflorcr^ce)iC( xxith fexv 
flowers; the side branches xxhich are borne at the top oi tlu' stem 
are few in number and almost level xxith the main axis and 
parallel to it. Flourrs very pale pink in colour, fading to 
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white ; length about 45 imn. Calyx globular, inflated, less than 
one-third the length of the corolla ; teeth short and acute. 
Corolla with a wide oriflce 11 nun. in diameter and a very broad 
tube, the transition between the tube and the dilated 
portion very abrupt ; limb entire but indented and somewhat 
folded at the junctions of the lobes ; apical points very short. 
Copmle longer than the persistent calyx, conical ; apex pointed. 

In the bud before the corolla expands the anthers are found 
just above the stigma and burst while in this position before the 
bud opens. In the fully open flower the burst anthers are 
about 5 mm. above the stigma and project from the oriflce of the 
corolla. 

This type has an exceedingly good texture, the leaves are 
much thinner than in the ordinary Indian tobaccos. It has the 
great disadvantage, however, that the leaves are much exposed 
to tlie wind and do not protect each other as in the more bushy 
types. For tiiis reason they are often badly torn before they 
ripen. 
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'I'lie most serious disease to which siij^aicaiie is subject in India 
is uudoubt('dIy that known as " retl lot,*’ caused by tlie funf^us Col- 
letolrichum falcatnm Went. In 190(i, a preliminary account of its 
chajacters and the damage caused by it in Bengal, especially that 
part which is now Bihar, was published m llu'se M('moirs.* The 
most important conclusions there come to were that the disease 
ordinarily results in Northern India from the use of infected canes as 
■■ seed ’ aiul that the most hopeful method of checking it was by 
careful selection of the setts at the time of planting. 

In a subsecpient pa|)er" the advantage of this practice was 
emphasised, some striking illustrations being given. Further ex- 
perience has only increased the evidence of the value of sett selection 
which, while not an infallible preventive, is ordinarily instrumental 
in greatly diminishing the iucideiua* of the disease. It is worth 
considering this evidence in detail, since infection from diseased seed 
has recently been denied by American’ and West Indian' writers. 

* Butk*r, J. L^kin^us of '^imaivam iii Hfimal. AIlmii. Dopf. of ui India 

Hoi. Soi. I, N(‘. 19U(i. 

” lb. '^rho soIocHon of snij;anMin‘ (iillinj's. Xufiu*. .fouin. of India, II, 11)07, p. ID.'I 

^ Edl^crtoii, (\ W. ddit* ml lot ot 'sii^anaiu*. Jaiuisiaiia Ajiin. K\pti. Mi. HtdI. Idd, 
11)11, p. II. 

^ lied rot fuiigusj and the yugaicanc in the West Jiidios. Agile ultmal Ni‘v\s, XII, Xo^. 
286 . 7 - 8 . 1913 . 
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SKTT SUfiECriON. 

In 1900. alternate row.s of diseased and healthy setts of a 
.Madras eane. known as Yerra. were planted at I’nsa. on lA'hruarv 
26th-27th. Prior to planting, the |)resenee of Colirtoh'irini))} falcatuhi 
had been determined in a large ])ropnrtion of the canc'S from whieli 
the diseased setts wei'(' ent. By the 0th week af1(*r planting a 
decided dilTereiiee was noticed in ( h(“ two lots of s(M‘dlings. ddiose 
from diseased canes were witlK'iing in consideral>l(‘ niimheis. 
CJolletolricliim falralnin was found, in practically ('very case 
examined, in th(‘ va)ung shoots, usually in tlu' inyci'lial condition 
blit in several instances producing s])ores at the basal nodes. In 
this, as in other casi's when' it was necessary to detei inine the 
identity of tin' organisms po'sent in diseased cane, considerable 
use was made of the method of incubating aseptically removed 
slabs, described on page 8 of tlx' illemoir ahovi* referred to. White 
ants, which are a frecpient cause of injury to cane seedlings and 
which complicate the diagnosis in many cases of fungal attack, 
were absent from this jiarticular crop, probably because the held in 
which it was grown was liable to Hooding. Hp/ta-rotienta (tdiponnm. 
a fungus which is aide to attack cut setts but not uninjured cane, 
and a parasite belonging to tin' genus (Jcp/iahsporixin. which will 
be described in a suliseijuent jiaper. wi're found in a few cases. 

The held in which this crop was grown had not been under cane 
in recent years and no other cane had bei'n grown the jirevious year 
within about half a mile. I’here was. therefore, no reasonable lisk 
of external infection ami certainlv no possibility of such an inlVction 
as would lead to the death of lu.iny jilants in the tri'iiches planted 
with setts from diseased cane.whit' tlu' alt ernat (*, ..trictl v com pa rable, 
trenches with healthy seed esca[)('d. The ])hotogi„ph r('))roduced 
as Plate XII in ilu' Agricultural Journal of India for I9t)7, shows' 
the appeai'anc( of this {liot on .May 17th, and could hardly b(‘ more 
decisive. IJndi'r the micioscope it was I'asy to traci* the fungus 
from the setts up into the young shoots, and throughout .Vpril and 
.May continued infection of the young shoots from their point of 
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origin ocouirod. <))i May SUtli the nunibei of .sound slioot.s wa.s 
counted in the ti-enches numbered 3 to 18, of which the odd number.s 
were from healthv seed and tlie oven from disea.sed. the result bein^ 
(■<79 and 117 re.speetively. TIu' eroi) was lost by a severe flood in 
August, so that lh(‘ final I'csidt cannot be given. 

In 1907, tlu' ex])eriment was r(‘|)eated in a field not subj<'ct to 
Hooding, ten trenches being .sown on .March 7th with the varieties 
Striped Mauritius and Red .Mauritius. Rv the <Mid of April the 
re.sults w(>r(‘ as striking as in tlu' previous yeai'. but in Mav 
many .shoots withered in the trenclu's planted with healthy seed 
of tlu' R<h 1 .Mauritius variety. 'I'his variety was taken from a 
diseased fiehl and was so gcmerally infected that the ratoons nearly 
all died out. It is probable that many of the apparently healthy 
canes contained ('olldolrlrhmii. for, as will be shown below, while 
reddening of the pith is a sure indication of dtscase. imless the canes 
hav(' lus'ii mechanically injured, ab.sence of reddening docs not 
always imply frecalom fiotu it. 

In 1 90S, the cane selected was again Ked Maurititis, which was 
planted on .March (ith. Oermination was good in all the trenches. 
Tlu' condition of four r(jws. Xos. 12 to 1.’). on .Mav 30th. i.s graphicallv 
shown Ix'low. tlu' small circles e.ich repii'scnting a sound shoot. 
Rows I2and 1 I wme from diseased seed, rows I3and 1.7 from healthy. 



Re.sides these eomparali\e e.vpei imetits. tlie main ciop of caie’ 
grown on tin* Pnsa h'arm has laa'ii \earlv supervi.sed. so that setts 
showing red marks in the pith are not planted. 'I’he re.sult has been 
that, excepting the season 1907-08. which will be separately con- 
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sidorod ns IIk* (‘ano was w<'ak(Mi('d by an attack of suf^arcano-fly, 
no scnious oiithrc^ak of nnl rot lias ociaiiTod sin(*c lOOo-OO. The 
disease is always jin^sinit and was fairly had in Verra in 1905-0() 
and in Ked Mauritius in l90()-()7. in hotli ease's aecainuilating in the 
following 1st la toons so as to (h'stroy most of tlie (*ro]). In 1908“()9 
it was dinieiilt to find enough dise'ase'd eaiu' to suj)])ly cultures for 
('xperiniental work. In other years \v<' have' hael 5 to diseaseel. 

Tlu'se' re\sults are preihahly he'tteu* than in any either e'state' in Jhhar, 
theiugh rea emtlv seve'ral e\state\s have' aeleijite'el sett selectiein. In one' 
such (*ase', that re'ferre'el tei em ])age 198 eif the' Agrie-iiltural Journal 
of Inelia feir 1907. a vei v seve'ie' attae k eif reel I’eit eie'eairre'e! in 1905. 
Sett selee'tiein lias sinea' hee'ii e*arrie'el out as a reiutine' jirae'tiea' anel 
the Manager repeirteal re'e-ently that he' has neiw nei elisease in his e'ro|). 

At the' Samalkeita Sugai* Statiein in Maelras, se'tt seh'ction has 
lu'en re'gularly eanae'el eiut for tlie jiast le'ii ye'ars. at the' instanea' eil 
Dr. i\ A. Hai’he'r. now (hivernnu'nt Sugareanie' Kxpe'rt. Maelras. 
Dr. Bai’he'r was. we* lie'lie've*. the' first tei aelveieaite* this me'theiel of 
lighting re'el reit.' In the* hegiiining it was eaimhine'el with 

pickling the' se*tts in a streing mixture* of lime* wate*r anel 

eairholie'. with a \i(‘w tei e-hecking meith-lieirei* anel the (Queens- 
lanel Aeairus “rust . hut this uas suhse*(|ue‘nt Iv neit e*onsiele*red 
necessary. In I90(), Dr. Baiher stateel that it was neit peissihle* 
hy the* mere* reje'ctiein eif re'el-mai'ke'el setts tei root out the elisease*’. 
In spite eif all e*ar(* all 'ait two eif the* leical kinels w(*re founel 
graelually tei he*e*eime* weiise, until they hael to he re'plae*eel hy new 
seed fi'om eiutsieh'. t)ne*e* the*se* hael hee*n elise'ai'eled, howeve'r, hette'r 
results wx'ie* ohtaine'd. Thus the* 1907 report states that seh'ction 
had a sat isfaeteirv elle'(t, elise'ase* he'e'oming less eve'iy yeai* among 
the' best \arietie*s. In 1908, a se've're steirm at the enel of Sejile'mher 
w^as follo\veel by withering of a good many canes. B(,th Dr. Barber 
anel the* senior wuite'i saw the' e*ro|i in the folleiwing Fe'hruary anel* 


1 Sii^.ncMiic III tlK‘ ({od.iv.m and (Janjam llistii«(s. 
iidtiin', Ma.dras, HnJI , \*o|. II, Xo. 4;{^ p jj^v^ 

^ UailHM.e'. \. SiiMitilic lU-porl (d thr Samiilkota 
rndirii! ‘Ust Manli, UKiei, p. 2.*>. 
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agreed in considering it remarkably free froai rcnl i*ot, and in holding 
the injuiy to the roots caused by tli(‘ storm responsible for most of 
the damage. We also found eviden(*e of the (existence of a root 
disease not previously known, which will be descril)ed in a subseipient 
})aper. In 1909-10, red rot was still present on the farm but to a far 
less extent than lien^tofore. Jn 1910-1 1 , veiy little disease was noted 
either on the farm or in the nursery, though it was still fairly preva- 
lent outside the farm. Jn 1911-12, red rot was present only to a 
small extent, though found in m^arly all th(‘ varieti(\s. From these 
rec'ords it is ('lear that reel rot has not l)een stamped out by sett 
sel(H'tion. It is e(|ually clear that tlu^ disease' is much l(\ss prevalent 
than ill th(‘ early years of the existence of tlu^ farm. The farm 
was started as a result of a disastrous outlireak of rod rot in the 
(h)davari Delta, which threatened tlu' (extinction of cane cultivation 
in that area. It is fair to assume that the local varieties, which weie 
at tii‘st grown, wer(' veiy larg<dy from discnisc'd stock. So long 
as thes(e varietu's were rcetained, s(Ut selection did not givc^ satis- 
fa('torv results. When they were rep]a(*(*d ly other, comparatively 
healthy varieti(\s. sett sel(eetion was (‘ll‘ectiv(e in k(eeping the disease 
uud(‘]' control. 

, It is now mecessary to considm* why s(‘tt s(election has proved 
iiue|f(H*tiv(e in checking dis(‘ase wlum the seed was taken from a 
sevei’ely diseased crop. 

In selecting lu'althv s('tts for planting unchu* fiidd conditimis 
r(dian(*e must be pla(*e(l on tlie abs(Mic(‘ of obvious reddening of th(‘ 
pith, visible at tin* (uit ends. I)is('ase was severi' in the Pusa (*rop 
of 1907-08 and tlu' opportunity was taken of Ic^sting how far this 
method could be reli(\l on. On November 21st, 1007. 0 ('aiies weie 
select('d which, on cutting into lengths, were found to have nnldened 
internodes above and below, but in the middle to be fnn' from obvious 
reddening. In 3 of these, careful examination with a lens revealed 
one or two fine reddem^d points, corresponding with the c ut ends of 
small bundles ; the other 3 appeared (piite fr(H‘ from discoloration. 
Slabs were cut out aseptically and incubatc'd, and the preseiu^e of 
Colletotrichum falcatum was demonstrated in one of the six. On 
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March I7th, 1908, the experiment/ was reiH^-ated with 24 caiies 
slightly reddened at the base but apparently clean higher up. 
Slabs were cut from above the limit of the discoloration. Of these' 
15 showed no marks even with a lens, while 9 had minute red points. 
The presence of CoUetotrirhum was demonstrated in 3 of the formei' 
and I of the latter. Therefore, in an attac'k of the severity des- 
cribed, nearly 17 per cei\t. of api)ar(mtly clean slabs, taken from 
canes sliglitlv ahVeted with r('(l rot, W(*r(* shown to contain th(‘ 
fungus within tlieii* tissiu's. Ihuh'r such circumstances it would 
have been necc'ssarv to discard all caiu's, any |)art of which was 
discolouri'd : ik'w iiih'ctions wer(‘ oc'ciiiiing right up to harvest tinu* 
and SOUK' would ])rol)al)lv liav(‘ (‘scaped ('\'cn such rigorous sc'h'ction. 
It would be (*heap(‘r and more saiisfadorv umh'i* ordinary estate 
<*onditions to discard tlu' whole' crop and impoit healthv see'd. 
In Pusa, since' the* amount of s(*(‘d r(‘(|uii*(‘d was small and (pU'stions 
of (*ost and troul)l(* did not arise', it was fe)uuel pe)ssible te) re'tain 
some' of the me)re valuable' varie'tie's and tlie' li)0S-0t) e*]*e)]) hael little' 
elise'ase'. The* amount eliscareh'el was, he)we‘V('r, ^('r\' gre'at anel wa)ulel 
have* be'e'fi ruine)iis unele'r e'slate* e'e)nelit ie)ns. 

All that e*an safe'ly be* state'el. so far, is that ])lauting se'tts from 
e)bviously elise'ase'el eaiiie's le'aels (e) a e'e)nsiele‘iable' ele*V(*le)pment of 
elisease in the resulting crop anel that. j)rovide‘d the* varii'ty is fairlv 
free frenn elise'ase' te) start with, se'tt sele*e*tie)n ke'e'ps re'el i*e)t wdtliin 
re'asojiable' limits, iiide'ss se)'iie* unte)W’arel eareai.nstanea', suedi as the* 
e'|)iele*niie' e)f e*ane*-fly at Piisa in I907-(KS. iiite'i ve'Ue's. 

Tiik i\FK('rie)N e)E se)rxi) Mvrrs. 

It the'ie we'ie* ne) e)the‘r mcthe)el eif perpetuating i*eel re)!, tluin by 
the* use e)f elisease'd se'e'd, niu* eonld. e)f e'e)urse‘, stamp it e)Ut, e've'Jl in 
view’ e)l the abe)ve' iae*ts. Tliis brings us te) tlu* e‘e)nshie‘ratie)n e)f the* 
parasitism of ( ()!lct(>b\(‘ln(hi jahy/lfan anel e)f the* nu'ans at its dis- 
pe)sal fe)r obtaining an eau rv into p!*e‘vie)nslv healthy e*ane'. VVe' e'an 
t he*n moie* le'idily discuss the* lurtlu'r nie'asure's fe)i* its e'e)ntre)l anel 
the' indiU'Ue (* oj e'Xte'i’iial e'e)iielitie)ns. such as the* attaedv e)f e*ane'-flv 
at< 1 us<i in J 90 / -OS on the* pre'V'alene'e* e)f the* elise'ase*. 
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As was pointed out foriueiiy/ this fungus is nol, in Nortliei ii 
India, provided witli as suitable a mechanism for spore distribufion 
as in tlie case with most parasitic fungi. As long as tlie cane is 
growing, then^ is ('oinparatively little risk of air-boi ne ( ontamiiiatioii 
from th(‘ stems of discaised plants in tlie (-rop. Dead and rotting 
(*anes are, howev(M*, fnajiientlv W(‘ll providcvl with spoies. Enor- 
mous numbers ar(‘ often found in the pith cavituvs of old canes. 
Thesi' may coJitamiiiat(‘ th(‘ soil or g(‘t into th(‘ irrigation waiei. 
Tlicy juay thus r(‘ach tln^ mnvly planttal .^('Its. S(‘V(n’al (^\))iu‘iments 
have b(‘eji cai*ri(Ml out to asccuiain wlnUher infeiUion of soimd scMIs 
may tak(‘ place in this manner. 

In 190S, a short ticuK'li of Ihirple .Mauritius canc was plantc'd 
on xMarch 7th, tlu^ setts in one-half b(‘ing prt^viously di])ped into a 
suspension of (UMeiotrirluihi spon^s. from a pur(‘ (‘ulture. in distilled 
water. On April ;{Oth tli(‘r(‘ w(u*(‘ 13 living shoots belonging to 12 
setts in th(' nou-in()culat(‘(l half «\nd (> Ixdonging to t) s('tts in tlu‘ 
inoculat(*d. 

Similar (‘Xjun inKMits on a l«irg(‘r s(*ale. in 1909. gave conflicting 
results, both inoculated and contiol cam's shmving a iiumber of 
withennl shoots after two months. Oii May 14tli tlunv wen* lt)7 
healthy shoots and 27 with(‘red in tin* conti’ol trencli and 174 healthy 
and 40 withen'd in the inoculated. \Miit(* ants w(M(* bad in both, 
but tlierc was also (*A'idenc(* that (JollrtotrirhfOH had reached tlu* con- 
trol trench, pi'obal)ly on tin* f(*(*t of the faian labourers, who \\alk('d 
up and down from tn*nch to trench during the irrigation of tin* crop. 

In 1910, the experiment of the previous year was repeat(*d, tin* 
cane being sown on March ]2th. (termination was slightly better 
in the control tluui in the inoculated trench and on May 3rd then* 
were 325 shoots in the former and 304 in the latter. Tin* cotitrol 
ti‘en(*h, whi(*h immediat(*lv adjoiiu'd the inoculati'd om*. d(*velop(*d 
n*d rot/ as in the pr(*\ ions vi*ar. i)robably from inh'ction during 
irrigation. A similar trench some 30 yards awa\\ but supplied by a 
separate distributary, was. th(*r(*for(*. also sel(*ct(*d for (‘oniparison. 
t )n flune 2lsl tln*r(* w’i*re only 255 lH*althy shoots l(*tt in tin* 

* l>iil K. .1., /f« . f W . |) h> 
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iiiocuIal(Ml wliih' \v(m*o .‘^40 iiitlu* control tiviu'h aiul7S4 

ill tlio IroiK'li furtluM* away. 

A form of (^ollHofrlrlnuH jtdcahnu wln(*h is truly parasitic 
on th(‘ l(‘avcs of sugar(*aii(\ was (l(\scril)(Ml and figured on 18 and 
plate 111, fig. 1) of the ])!*(‘vious Ahunoii*, and has also been found in 
Louisiana.* Tlu' ability of this form to cause typical ml rot when 
introdu(*(Ml thiough sedts has been demonstrated, as the following 
experiments show. As thes(‘ experiimuits have a definite liearing 
on the (|uestion of the propagation of the disease through the setts 
they are includ(Ml here, though the leaf form of the* fungus will be 
more fully consid(M*(‘d below. 

On J)(‘C(Mnber oth, 1907, 2\ canes of Red Mauritius were 
ino(*ulated from a pure' cultun^ of rhe leaf jiarasiti' shaken u|) in 
distillcMl wat(‘r. Tlu* inoculations W(M*(' don(‘ by ixunoving a cyliiKhu' 
of cau(‘ at a lower .nt(*rnod(‘ with a small sti'rile coik borer, inserting 
som(‘ of th(‘ cultur(‘ in tlu^ wa)und and r(‘p!acing the (*ylinder aft(u* 
cutting a pi(*c(‘ olT t luMuid with .i flamed knile. soas to l(‘avt‘ a cavity. 
Tlu^stem was tluMi bound with lim^sterik' gutta-))ei*cha sheeting. On 
.March Oth, I90S. tlu' iiioculat(‘d canes w’(‘r(‘ cut and (^xamiiuHl. One 
had b(‘en damag(‘d bv a jackal and w’as discai’di'd. others wiuv 

outw^ardly sound. With IS of th(‘s(‘ a tnmch w'as jilanti'd on March 
7th, th(' caiu's bein<; cut into th(‘ usual s(‘tts (‘ach wdth thre(‘ ”(»yes.*' 
In cutting it was obs(‘rv(*d that obvious reddening of the ])ith (K'curred 
in from 1 to 8 iut(‘iiio(l(‘s al)ov(* the seat of inoculation. The nmiain- 
ing tw^o caiu's waM'(M‘xamiiu‘(l micro.scopically and th(‘ pr(‘s(Mici‘ of Col- 
IrtotnchinH demonstrated. A similar tnmcli was ])lanted alongside, 
W'ith sound setts from the same* plot, tosin ve as a control. The (*ondi- 
tion on May 8()th is shown graphically below\ Red ]‘ot was severe 
in th(‘ ijiocidat(‘d Mnnich \nd j)i\uticallv absent in tlu' oihei’. 
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Oil MarOi 7tli, M)()S, a short tr(‘ii(‘h of Purph' Alauritius was 
planted, half with setts dijiped in a pure suspension of tlu* half form 
of doUelofrirlnnH, th(‘ othca* lialf not inoculalial. On A])ril IlOth, (52 
healthy slioots lielongiug to 50 setts w<u*e found in th(» lattiu* and 
.‘JO belonging to 2(5 s(dts in tin' former, (hu'ininatiou had been 
ap[)i-oximately (‘(pial in th(‘ two lialves. 

On March Pith, 1910, half a trench was similai*ly planted with 
s(dts of Ashy Alauritius, di|)j)(‘d in a pure suspimsion of the leaf 
form of (^ollelah'lrJoDH. Ociinination was Ix^ttm* in the inoiailated 
than in the contiol half, and on Alay .‘Jrd th(M‘(‘ wei‘(» 1S2 shoots in 
th(' fo]‘m(M*and l.‘J0 in tlu' latt{M‘. On Jum^ 21sl th(M(* w(‘re 77 healthv 
and 80 witluniug shoots in th(‘ inoculat(‘d half-tnmch, while the 
coiiti'ol half-lren('h had l.)(5 Inadthy and 55 witluning. As already 
stated th(' (‘ont rols this year (h^veloped rial rot. probably from 
infecdion during irrigation. A full tnmch of tlu'sanu' (aine near l)v 
but sup[)li('d by a S('parat(' distributary had. as abov(' numtioned. 
on this dat(‘ 78 4 h(»althy shoots. 

In all tliese cas(\s tlu' pi'(\s(m('(‘ of Vollciotiivlnim was demon- 
strated in s('V(nal of tin' withering shoots, and tlu'V establish fully 
that trii(‘ ivd I'ot can aris(‘ fi-om inhn'tion from both the stem and the 
li‘af forms of tlu' fungus through the plauti'd setts. Not only is the 
disease |)(Mj)etuated by |)lauting pnwiously diseased setts, hut 
healthy setts c*an Ix' inh'ctiMl at tlu' tinu' of planting, if reached by 
the fungus, and, no doubt, subsetpumt infection from below ground 
can also (xaair. It is w(*ll known from pn^vious work that the fungus 
can (mtei* at wounds (‘xposing the pith, such as the c ut ends of the 
setts, and, as will lx* shown below, infection through the roots also 
readily o('curs. The course of the infection up into the stem ('an lx* 
traced in many ('ases and dire(*t connection b(*twe(*n tin* mycelium 
in the S(*tt and that in tin* n(*w sh(X)t establish(*d. Ibu'iborski^ 
has very correctly described the passage of the disease from the 
planted sett up into the young shoot. 

’ RaciborsUi, .M. Dr Hr^trijdinLj van li(‘t rood-NUDi. Anhii't .la va-SiiiUeriiKluhlrio, 

V, 1807, p. ii:i:r 
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The INFECIION ok (!R0\VIN0 canes. 

It is generally stated by workers outside India tliat red roi 
frenuentK' arises from wound infc'ctioii of tin; stem of the earn*. 
<ifter it has devclo])(‘d far enougli tola* exposed to the attacks of 
stem l)orer, (hat is usually iii tlu' second half of its growth period. 
Some ohsev\eis even hold that this is the only way in which tin* 
disease can arise. TIu' results of numerous inoculations, indeed, 
fully prove that cane can be .irt iticiallv inh'cted through wounds 
similar to those caused by m.sects. But, as was definitely stated by 
Brinsen (leerligs' in 1898. wound infection will not .sufticiently 
explani (‘V('rv case of attack and \\»“ liojx' to sliow that in Northern 
India it is of second<iry importance. 

Went, who first described the disca.se, obtained successfid 
inoculations by puncturing the rind with a fine needle and inserting 
conidia of ('oUcloIncliinn.' 'I'lu' infection was, however, localised 
and after 20 days was chietlv confined to the inoculated internode, 
traces oidy l)eing found m tiu' two higlmr up. .Vttempts to inoculate 
the unwounded rind failed, (‘xcept when very young internodv's 
were .selected. Went concludes (hat natural infection occurs 
chiefly through the holes made' by boi'ing insects, but that the place* 
of insertion of the le.if .sheath at the node* is alse) pei'iueablo. 
Ilejwarel, ten \e“ais hiter. e|e*.seTibe*el the* re*sults of ine)culatie)ns 
with the same fungus iii the* We*st lnelie*s. Whe*n woiinel ine)cula- 
tions were maele em vigenously grevwing e*ane*s abejut (> months evlel. 
the fungus was fouiiel tee have* mfe*cte*el euic e)r twe) ijiternodes only, 
after two months. In fully greewn e ane*. eluring the ripening period, 
however, infeetiem was nuu*h mene ce>m])lete*, \i]) te) 18 inches of the* 
pith being invadesl in less ilian a niemth, in one series. Inoculations 
.it the leMf base*s wen* sue'i-i'ssful in seime* ca.ses but failed in others. 
Lewton- Brain' elid ,i limitixl numbe*r eif inoculatiems in Hawaii in 

' \rchjVI, \ I , I SMS, |> I 
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1900-07. Wound ioocnlations on flio stcnn of Y(dIo\v (\‘il(*(lonin 
(White Tanna) canes were made. After two months the inoculated 
internode was found to be infected and there appeared to be indi- 
(*ations that 11 h‘ dis(»ase was spreading throuG;h th(‘ nodes to tin* 
internodes above and lielow. T(*n months later, no further ])rogress 
had b(‘(m mad(\ Presumably tin' inoculations wen* made* on young 
plants, [nfoction through liorer holes is ('onsider(*d by this writei 
to be practically the only way in which fresh attacks arise, bid tin* 
propagation of tlie dis(»as(* ])y planting diseased setts is aca-epted. 
h]dgerton‘ reports a very large s(*ri(‘s of inoiuilations in Louisiana, 
lie states that tlu* dis(‘as(* spr(‘ads from the point of inocailation u]) 
and down through tin* ('am* for from two to five* joints during the 
season, but is not visii)li‘ (*xt(‘ruaUv. Sometimes, howi'ver, if tin* 
stalk is in()culati*d v(‘rv young, tin* growth of tin* fungus is so rai)id 
that the whole stalk is kill(‘d, but this is not usually ihe case, [in 
f(‘(*tion through borfu* burrows is htat(‘d to be by far the (‘ommonest 
cause of the dis(*as(‘. Infection through tin* l(*af bases and the root 
let buds at the uod(*s is considered [lossibh* but was not proven. 
I nfectioii through the planted s(*tts is denh'd. Si^h'ction of S(‘tts is 
advocated, not biH^ausi* tlu‘y can carry n*(l rot but becausi* tin* 
resulting crop should bi* superior if only h(*althy s(‘(‘d is used. 

(^uite recently tin* r(*sults of inoculation exp(*iiments by South 
and Dunlop in St. Kitts and Barbados, are desciibed in tin* *’ Agri- 
cultural News'' (Vol. XII, Nos. 28(>-7-S, IUI3). In the St. Kitts 
eX2)eriinents wauind inoculations at tin* nod(*s and iidernodes caused 
limited infection, wdiiidi ('eased to d(*v(*lop aft(n' about tlu* first 
montli. In tlu' mori* susc(*j)tible canes tlie fungus spread (juickly 
throughout the mitire intcuiiode, but difl not penetrate the joints. 
The cane wars strongly growdng Whiti* Transparent, s(*V(*n months old. 
Inoculations on tlu* h'af scars and b(*tw’een tlu* leaf sh(*aths and tlu* 
stem failed. Attempts to infect cuttings gavi* nioit* compIicatiMl 
results. All the inoi'ulated cuttings wa*i(* ](*ddeiu‘d throughout 
after 83 days, whih* only about half tlu* controls slu)wa*d reddening 


^ Ed^rerton, C. W'., hr nt., p. .'i 
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ill every node and this was less intense as a rule. Tlie latter nuttings 
had generally a wliite strand along the side from whieh the shoots 
arose. Of 30 inoculated enltings H growing points were found 
to beeonu' disiuisi'd : a similar eondit ion was observed in two controls. 
In one inoculated shoot Collctotrichiim was identified. The control 
shoots wei'<‘ more nunnu'ous. weighed more and were generally more 
healthy in appi'aranee than those from inoculated cuttings. In 
Barbados, 40 setts eai li of W hite Transjiarent, Bourbon, B 147 and 
B 37() were inoculated liefoo' planting, a parallel s('t being grown 
as controls. The inoculations took, but growth within the setts 
was slight, the discoloration being only visible for about '1 by 
inch round tin* wound after « weeks. Tlnu'i' was no definite sign of 
penetration into the buds at this ])ei'iod. .\ft(>r tlin'c months then' 
were 7 wdthered shoots in the controls and 1.1 in tlie inoculated 
cane. ColU'loh'ic/i ii iii could not be found in tin* diseasi'd vrowiiuj 
tips. Tlie healthy shoots wi're cut off from the inoculated si'tts by 
the formation of a woody partition. 'I'ln' authors eonehuh' that 
till' fungus is a faeullativi' wound pai'asiti*. iiileet ing ehii'flv through 
wounds such as borer hoh's. and not < arried into tlu' voung shoots 
from infected setts. 

Since it is fullv <'stablished that stem wounds allow of arti- 
(ieial infection, ex|)erimeuts were ciirried out with a \ iew to asei'i- 
tain how' far this is a eomniou oiigin of th<‘ diseasi' in nature. Prac- 
tically the only wounds wiich open a passage direct to the pith 
are those* due to tin* \arious sli'in borers so eommonlv' found in caiu'. 
These wounds were tested for Codrfoinrlniiit on several occasions. 

In ^’ovember, |!)()7. \\lu.„ ,,.,1 |,|.,.va|(oit at Pusa, si.\ 

canes with borer holes w K' e.vamined bv cutting out asejitically a 
slab to include the reddened area always found in tlu* immediatt' 
vicinity of the hole. On incubation none gave (Jullrtnfric/Hoii. 
In the .same month tim following year tin* experiment was repeated 
with 9 bored eai.es. 1 he result was again negative. Indanuary, 
190!), 12 bored canes were similarly t'xaniined at Samalkota, with the 
same result. In addition we have e.xamined by sectioning the neigh- 
bourhood of till' holes in bored eaues on many occasions when the, 
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crop was suffering more oi* less severely from red rot and have not 
been able to satisfy oiirselvi's in any case that tlie disease had 
originat(Ml at llu*, borcM* liole and not elsewhere. Yet we are 
satisfied tliat tiu're are oIIku’ methods of infeidion thanfi’om below 
ground and these* may now be consuh^red. 

Went and Howard both refei* to infection through tlie scar 
left when the leaf sheaths break away fi'om the* st(*m. In I)e(‘(‘mb(*r, 
1907, 20 Hcd Mauritius can<*s, almost fully giown. W(*re iiux'ulated 
at the scar left by pulling oil a h*af about tlie c'entre of the* stem. 
Th(*> leaves wen* old and came away readily. The* inoculated 
portion was kejit moist for about 24 hours by eov(*riiig with moist 
stei’ile cotton wool. Aft(*rthi‘ee months the* ('an(*s w(*re examined. 
One was damaged by a jackal and was diseaj(li‘d. In 3, aceiwuli 
with spores of dollclff/riclnaif jdicatmif were* found on the* surface* of 
the scar. In II, there* A\as ne) reeldeming of the tissue's anel lie) sign 
of penetiation, lu.Y llu're* \\as slighl re*dele*ning at e)r near the* noele*. 
?So hy|)lue, he)W(‘ve‘r, e'e)ulel be founel anel on ine'ubating slabs, eait 
so as to ine'lude* the* reelel(*ne*el parts, no r’d'liHtK deve'loped. 

hlven in the* 3 case's w]ie*i‘e the fungus liael friie‘tilie*el on the* s])e)t, 
lie) p(*netratie)n oceairreel. 

At the* cane* ue)ele‘ the*re* are* t we) othe*i' pe)ints e)f elise'Olltinuity 
in the* rinel, wlu*re* the* she)e)t buel (the* *’ e*ye ') e*e)me*s thre)Ugh 
anel whe*ie* the* eyes e)f the* aelveiititious i*e)()ts e)e'cu]'. The'se we*je* 
fe)unel te) aelmit the* fiuigus reaelily. In April, 1912. 12 buds e>i 
Samsara (*ane were injureel by rubbing with the* lingers and 
inoeadateel with spe)](*s and mvce*lium ke*j)t nu)ist by e*e)tte)ii we)e)l 
as before*. One* was e*xainine*d after three elays anel the* hypha* we'iv 
founel to have pe*iie*trate‘el the buel anel in bt* giDwing vigore)Usly. 
After eleven davs aiie)ther was oxamine*d. The* myea'lium was still 
e'onfiiieel to the bud, which was much iveldeiie'el. A we*ek later 
the rest werei examined. All hael taken the iidVedie)!! we*ll anel 
111 several the hypha) had already entereel the main ste*m. Injui \ 
to the (*ye buds, especially as the e*ane approaehes maturity, 
is unfortunately only too common, anel the fungus e<ni leadilv 
penetrate if such buds become coutaminateel, I he uninjureel 
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l)U(l is less iViirlily iufoct(‘il. liiocuIiUions iiiiidc by jihifiiig on the 
IhkI scales, in a nioist at m()S[)li(‘re. fresh aeervuli with spoi’es, from 
a culture, showed litth> [u-ogress at the cud of a luojith. 

There was a slight reddening of tJie scale, especially along tin* 
margin and hyphu' wei'(' iiuim'rous in the reddened part. The 
underlying Imd layers wcu'c only faintly discoloured and vau'y few 
hypha) had ent<u-ed them. The deej>er layers of the bud were ijuite 
free. Tlui buds were swelling at tlu* tinu' of inoculation and the 
progress of the infection was .so (‘.'^tremcly slow that it is doubtful 
if the young shoot could be reaclu'd before the outer hiyers had 
withered or lost cojitact with if. This is in harmony with oui- 
general expej'ience that ujunjur('d young shoots are Jiot fouml 
attacked by r<'d rot, uidess the parent stem is also infected. 

The adventitious root eyes are much more easily infected. 
Twelve Samsara caties w'cre inoculated, in tht‘ sanu; manner as in the 
last experiment, on April Kith, 1912. tlu' root origins being jn’onii- 
nent but (pule .souiul and uninjured, tin the 24th, 9 were examined 
and w'ere all found infected, tlie hyphm being wtdl (‘slabli.shed and 
growing in towards tin; pith of the mahi stem. 'I'lu' ('xperimeni 
was ri'pealc'd oii May 22nd, I9i;{. Four perfectly healthy canes of a 
thin variety wdiich had a good devehjpment of young, cleaji, ad- 
ventitious roots, varying from about one-eighth of aji inch to ojie 
inch in length, were inoculated in the laboratory in the manner 
described abov(‘. T'lu' cultu'c used was live days old and it) j'oots 
in all W('re inoculated. OiU' ro(d was sectioned after a week and 
found to have taken infection well. Tin* pmudration of the hypha- 
into the tissues was clearly visible and is shown in lig, 3. R(‘ddening 
had exte)i(hyl down llu' root and peuc'tratc'd about i mm. into tlu' 
main stt'iu. ('harai teristii hyplue ol Collrfoli'iclinin wer<’ found in 
the i’('ddt'n('(| part of tlie stem. Two days latcu' 3 iiion' roots w(*r<‘ 
examined, and the same cojiditions found. On this day the rind at 
the base of tin' root was found slightly discoloured and the dis- 
coioratioji e.xtendod during the following days, until it was clearly 
visible externallv in all the inoculations. The normal dark green 
colour of the rind cliaugetl to a ilirty mottled red, whicli .spread 
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ill vcu'ticallv (^loiif^ated sfroaks aud, at tho (‘ud of tlu' 2iid week, 
(‘iitirely surrouiidod Ihe iiodc^ and had oxtend(Ml for an inch or two 
al)OV(' and below. After twenty days sev(‘ral inoculat(‘d roots were 
(‘xainined at tludr origin from tin' stem and large* (|iiantiti(*s of hypha* 
were* found passing from the reiot to the st(‘m. not emlv along the 
v^asculai* tissu(‘s but also lat(‘rally into the ste*ni |)are‘n<diyma in all 
direH'tions. Kig. ,1 slmws the* e*ondi1ions at this stage*. The stems 
we*re* split longitudinally a month after the* inoemlat ions and were* 
feuind e‘ntire*ly infe‘e't(*el. the ('haracte‘i*istie‘ j)ith elise'oleiration. with 
t rans\'e*rse*lv e*le)ngate‘el white* ble)tche*s, l)e*ing W'e‘ll de*velo])ed. 

hin t h(‘i* inoe ulat ion^ w e‘i (* made* on J une* ‘hd, J t) I 3. e)n t he feoeling 
reiots of W(*ll-e‘stablishe*el e'ane* plants growing in large* eailture* pots 
in soil. The* se)il w'as eai'e'fully r(‘inoved until the* reiots were (*x[)osed 
anel the*se* we‘re* iuoeailat (*el by sprinkling with a sus[)e*nsiem e)f sjiores 
from a jiure* eaillure*. e'are* being take*n not te) iu]ur(* the* roots. The 
soil w^as tlie‘u r(‘pla('(‘el. After sixteen elays tw’o of the* inoemlatcd 
re)ots we*ie‘ e*xamine*d by se*e‘t ioning. I>e)th she)wa*d a small area e)f 
re‘dele*uing 2 or .‘1 mm. behinel the* greiwdng point. Pe*neti'ation 
was founel tej have* oc(*urre*d he*re* (hig. 4) anel the* liyplne wa*re‘ 
e*\t(*nding fre*(*ly in the* tissues oi thei reieit. 

Out e)f many hundre'ds of <*an(\s affeete*d wuth reel rot (*xamined 
during the* past te'ii ye*ars, wa* have* m(»t with a limited numbe*r of 
e'as(‘s when*!* natural infection had eie'curred through semie* part of the 
ste*m abe)Ve* greiuuel auel W'liere* tlie* base* e)f the* e*ane w^as uuatfe*cte*d . 
In he*bruarv, 11)10, a Khari e*ane* was (*xamiued and was found 
te) she)w^ de*(inite* symi)toms e)f reel I’ot in the* oth and Gth iute*]*nod(\s 
fre)m the* base*, the le)W'e*st inte'rnoele*s being epiite free fre)m redelening 
or hvt)ha*. At the* imele be*tw'e*e*n the* twe) infe*e*teel interne)ele*s the're* 
w^as a broken she)e)t, elistine*tly re*elelene*el in its inte*rie)r. (1iarae*ter- 
istie* hyj)ha* of (\)U(i(>fr'H‘lntni w'(*re* fe)und in this slieieit and e*ould be* 
traced from the broken surface through the bundles into tlie pith 
e)f the stem. There wcw no e)ther injuries, anel infection had doubt- 
less eiccurreel thre)Ugh the ])re)ken shoot. second cane e)f the same 
variet^y showed a similar ease of infection through a broken shoot 
at the 5th node. Higher up several nodes showed slight infection, 
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which was traced in ev<My cas(‘ (o an infected adventitious rootlet 
eye. At the ‘2()tli nodi' there was another broken shoot, through 
which infection had occinred. In all these, cases, sections taken so 
as to include the shoot or root and the main stem, enabled the 
hypluo to be clearly trai l'd from one to the other. In another case 
infection occiii'i'cil through root eyes at the 1.5th node and also in 
the 8th internode through a crack in the rind. Thiii is one of the 
few cases wliere infection has been found arising from a definite 
stem wound. 'I’he cane was also affected with smut {(Jstilago 
Sdcr/unl). 

Krom the almve e.xperiments it appears that wounds caused 
by boring insects, while undoubtedly capable of admitting the 
parasite should it reach them, are not, in ])raclice, re.sponsible for 
many cases of red rot in India. Old leaf scars are not readily j)ene- 
trated, but since infection through the leaf bases has been obtained 
by Howard, this jirobably depends on the degree to which abscission 
has progressed at the time of inoculation. Under normal conditions 
the leaf seal's are not e.xposed until the leaf has completely withered 
and, as our inoculations show, such scars are not readily infected. 
During the process of wrapjiing, which is common in parts of India, 
less com[)lelely witheied leaves are sometimes torn away from the 
stem, and the scars left in these cases are probably a .source of 
danger. In a few cases the cracks which form in the internodes 
of some vai'ieties ])robal)ly admit the fungus. One such ca.se is 
recorded above. I5ut the commonest points of entry in new 
infections of the above ground stem, in India, are undoubtedly 
the shoot and root eyes at the jiodes. 

The SOl'Kl'E 1)K IM-’KCTION IN NKW ATTACKS. 

We now come to another aspect of the subject and that is the 
.source of infection in those ca.ses in which new attacks occur in the 
cane stem. Ihacticall) all observers are agreed on the comparative 
rarity of the .sporing stage on the surface of diseased cane stems, 
until these have drietl up more or less completely. When we con- 
sider the extraordinarily abundant production of spores in most 
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fungi which dopciicl on the wind for their dLssenunation and Ihcehan- 
ce.sof the individual spore aligliting on a susceptible part of the cane 
stem, this point l)ecor)ies of significance, fhit, as was point(»dout in 
1906, there is another part of tlie cane on which a fungus agreeing 
in morpliological characters with (k)llet()ti'ichuw falcatnm is freciuently 
found and produce's spore's in greater (piantity and more exposevl 
to the wind than the' ste'in foiin. Tliis is the midrib of tlie leaf. 
Karlie'r vv7*iters have' re'poite'el the' oe'currene'e' ol the' fungus as a 
sapropliyte e)n e)]d, withe'ieel le'aves of sugarcane.’ That it alse) 
oceans ne)t uncommonly as a lead* parasite' seems te) have ese*aped 
the notice of most obse'rvers, though h]elge'rtoir le'fe'is te) it. Kx- 
peniments wei*e e*a]i*ieel e)ut at Pusa to eleterniine' if the leaf form 
e'e)uld itifeeT the stem anel (‘onve'rsely. 

Thre'e' e)f these e'X})ei*inie'nts have be'e'ii elese ribeel abe)ve' (page 158) 
where it was she)wiK lirstly that we)unel inoe‘ulatie)n with a pure 
cultuiv of the' niielrib forin eauise'el visible infee*tie)ii e)f fi‘om one' te) 
three iiiternodes afte'r three ine)nths anel. when the' ine)e‘ulate‘el canes 
were' plantenl, real re)t elev('le)|)e'el in the'Uiwith se've'iity. aJid. seconelly. 
that inoculation e)f the se'tts, imme'eliate'ly be'fe)re planting, e'auses 
just as severe elisease' as when the stem fe)rni e)f tlie' fungus is use'd. 
In aneithe'i' case a ]uire* culture e)f the le'af fungus was use'd te) in- 
eieailate Striped Mauritius eanie, 11 inoeailatieins be'ing made to- 
wards the base anel ten towarels the apex e)f the ste'iu. In a little 
ovei* twe) me)nths, 7 e)f the' fe)rme?* we'ie' e'xaniineel anel showed 
7 + 3 + ‘^+l -fO + 4 + 4 interludes alTected. In 6 of the canes 
ine)culate'd towards the' apex, 3 + 14-0+14-1+2 internodes were 
found elise'asl'd afte'r the same period. These experiments show 
that the leaf fungus e*an attack the stem and the cut setts, the 
symptoms produ(*ed being those' of typi(*al reel rot. 

The parasitism of the midrib form w^as next tested on leaves. 
In the first experiment spores from a j)ure culture w^re se)wn in 
drops of water on the upper surface of the uninjurexl midrib of 
growing canes. Out of 6 inoculations, none', succee'ded. The ex- 


Went, F. A. F. C. Notes on Sugarcane Disease**. Ann. of Bot, X, 1896, p. 588. 
Edgorton, /oc. ciU, p. 4. 
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wns ropeaft'd on 4 shoots in the laboratoj v. Iv(‘])t uuder 
Ixdl jars to ])revont tli(‘ iiuxadatod sj)ol from dryiiif^ ra})idly. These 
also failed. In a third series, similar to lh(‘ last, 0 iiioeulalioiis were 
made without result. A month later, howev(U‘, out of 12 similar 
inoculations, 5 sueeoodod. When the juidrih was wounded, much 
better results wcm'c obtained. In the first trial o leaves were inocu- 
lated in plants j^rowiji" in tid)s in the laboratory, the upper epider- 
mis being first riunoved by scraping with a stejile knife and the spot, 
aft('r ijioc'ulation, beiiig (*overed with dam]) sterih' cotton wool to 
ke(‘]) moist. All siKTxx'ded well, t he characteristic red discoloration 
being W(dl developed by t he t)th day. In anotluu'sinh's, 4- inoculations 
were mach^ after injuring tlu‘ epidcu'inis of th(‘ midrib })V touching 
it with a hot knih' blade' for 2 or 3 sec'onds. All took tlu' inteedion 
sev^orely. hour more' were' inoeadateel em aimthe'i* oe‘casie)n, after 
scraping e)IT the' epidennis, anel again all te)e>k. 

h]x})erimonts we're' next made' te) test the' ])arasitism e)f the' stem 
form of (Jollefoiririntui fahvhnn on the' leave's, in the' first e'xperi- 
ment, spore's from a pure endture' were' sown in elre)ps of water on the 
uj)per surface of the uninjure'd midrib of eaines growing in a tub 
in tlm laboratory. Of 15 inoculatie)ns, none succe'edeel. The ex- 
periment. was again tiie'd anel of 7 ine)culal ie)]is, all sue'ceeded. In 
a third series, e)ut e)l 14 ine)e'ulatie)ns, 5 sue'e‘e'('ele'el. Whe'ii the^ midrib 
was wouneh'el l)e'fe)re' ine)e*uiat ie)n the' I’l'sults we'ie' as follows. In 
the first trial 5 inoculatie)ns wa're' mae|(' afle'r scra])ing otf the' e'pi- 
dermis. Ihe iiiexudateel sj)ot was cova'reel with a |)ad e)f elamp 
sterile cotton w'e)ol. None siu'ea'eded, tlu' fungus grejwing bv choice 
into the cotton w^oe)l. A similar e'xpeuime'ut at a later date' was 
made on 3 shoe)ts stanelinu m w%‘iter, no e*otte)n w'e)ol be'ing used but 
the shoots being cove reel by he'll jars. All succe'e'ded. In a thirel 
experiment, tlm epidermis w^as injure'd l)y touching with allot knife 
blade and all of 4 inoculations succe'eeled. 

Though ])oth le*af and stem forms, are capable of penetrating 
uninjured leaves, infection oeauirs much more readily when the 
leaf is wounded. The microscopic details of penetration will be 
described below. In nature, it has been observed that Colletotri- 
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ckutn is coiumou around tlio holu wliic-h a minute boring inseel 
frequently makes in the midril). Salmon’ lias found in siniilai' 
(‘xperimeut« with the mildews {Ei'ijsiplmee(v) that “green fly ’ 
{Aphis) has the same effect as a wound, in \veakening the resistance 
of the plant cells to infection. 

Krom these (‘xpiuiments it i.s apparmit that there is no essential 
ilifl'crcnce in the ability of the forms of (h>IIetotric/iuiii, found on the 
living midrib of the leaf and on the stem, to attack stems and leaves 
of sugarcane. Taken in conjunction with their morphological 
similarity, they must be held to Ix' the .sanu' fungus. The species 
ajipearsto be confined to sugarcane. The only other CoUetotricluDii 
o'sembling ('. jdlcah/ni found widely distributed in India, is C. 
Lineola Corda, which attack.s tin* kaives of jowar {Andropogon 
Sorg/ntm) fre(|uently. Morphologi<-ally tin* two species are closely 
allied, but the jowar fungus does not attack cane leaves. Out of 
It) inoculations, half on unwouuded sjiots on the midrib, half after 
.scraping oil' tlie ('pidermis, nom* succeeded, lidgiwton'’ failed to get 
synqitoms of red rot by inoculating sugarcan*' .stems with this 
species and al.so with the allied ccmi/c. It is jirobable that 
many of the mwv attacks of red rot on tlie above-ground jiart of 
the cane .stem, arise as a re.sult of infection by spore.s blown 
from the diseased midribs of cane leaves. W’e do not .see how it 
will ever be possilile to avoid this, but it only gives greater forts' 
to the arguments in favour of concentrating attention on tlu' 
i'limination of di.sea.st'd .setts .it tlie time of planting. 

The actual penetration of the fungus into the ti.s.sues was studied 
in the leaf inoculations. Including both k'af and stem forms, 
altogether 63 inoculations were made on tlie uninjured midrib, of 
w'hifh 17 succeeded and 46 failed ; while when the ('pidermis Avas 
wounded 20 out of g.l inoculations .succeeded. In tin* successful 
cases where the epidermis was uninjured, jienetration u.sually oc- 
curred not directly into the midrib Imt by superficial grow th of the 
fungus until the large motor cells lying in gioujis on either side 

’ Salmon, E. S. rnllnrnl cxporinioiit''; ’dilli “ llinlmrio Innti^ ’ •>! Iho I , i>J/on o . 
IMiil. Trans. Eoyal Socioty, Sov. B, V.*). 107, 1004, }.. 112. 

^ Edgerton, C. W., loc, cit. p. 7. 
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of the midrib were reached ; these were then penetrated (^'ig. !)• 
As is already known, tin' germ-tubes of tlie s])ores readily form 
apj)res8oria (desc'ribed under the name of gemnicU by Went 
and of chlamydospores by most other writers), these are thick- 
walled, durable (*(dls, capable of surviving d(dachment fiom the 
mycelium. It is pi*obable that they siu've a double puiposc' 
of close adhesion to the surface of the host plant and of accumu- 
lation of enzy!ui(' (uiergy (o secure penetiation of its walls. In 
Colletotrichun^ lalcatutu th(‘ iiifection liy])ha seems to arise as 
a rule from an a])pi‘essoriuni (Kigs. 1 nnd 2). Kntry through 
stomata was not observed, the infection hypha ])assing dire(*tly 
across the outer wall of an (Epidermal cell, or, in some (‘ases. 
down betwc'on the sid(‘ walls of two (*el]s. After entry, the 
hypha) may at once bran(‘li freely and fill tlu' large motor cells 
with a mass of myc('liuni, or may peuetrati^ deeply into the leaf, 
passing from cell to cell wuth (‘ase in tlie large-(‘(dled paren(*hyma 
between t\w bundh^s. but ixot readily eut(u*ing tlu^ latter. In 
some cas^‘s the scleren(*hyma was p(‘n(drat(‘d, but usually, \yhen 
the leaf had nor been injured l)efor(* inoculation, the hyj)lue 
remained, for lh(‘ hist \\(‘ek at least, confined to the thin-walled 
cells. In the cas('s wliiue the leal was (irst wounded, conditions 
were soniewdiat dillereiit. There was a superficial growth as 
before, extending beyond t he limits of the wound. But penetra- 
tion was not now' conhia'd to the thin- walled motor cells but 
occurred freidy into the epideniiis of the midrib just beyond 
the wounded j)art (Kig. 2), and th(‘ mycelium ramified through 
the sclerenchyma as readily as through the parenchyma. In some 
cases, the layers of underlying sclerenchyma left after removing 
the epidermis, w(‘i(' aii efle(*tive barrier and penetration onlv 
occur led beyond tlu' midrib into the thinner tissues between the 
bundles, but in otluus, presumably when the injury was mor(‘ • 
seveie, the tluck-wailed tissues showed much mycelium. All th(‘ 
invaded tissues developed a bright red coloui*. 

In less than a week fructifi(*ation may occur on the infected 
spot. I he hyplue first collect in masses in the epidermis, through 
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which they then break as sti’oiuatic bodicjs, on which the character- 
istic spores and sterile hairs are formed. 

Relative susoEeiTBiLiTy of the top and bottom ok 

THE OANE. 

Experiments w(“r(! recorded in the previous Memoir' to show 
that much of the damage, causc'd l)y r«al rot is due to inversion of 
the cane sugar. Tliis appears to be because glucose is more readily 
assimilated by the fungus, growth in solutions in which the sugar 
was provided as glucose, being invariably Ixdter, at least at first, 
than when cane sugar was supplied. I'dasks were |)repared M'ith 
solutions containing 10 per cent, cane sugar and glucose respectively 
together with peptone and so<lium cliloride, and inoculated with a 
loop of a sus])ension of spores, from a pun' culture', in distilleil water. 
The growth iu tlie glucose* flasks early took the' lead and maintaineel 
its superiority for some weeks. More recently. L(*wton-l5rain* has 
dealt with the same epmstion in consieh'rabh' eh'tail. He foimd that 
the inverting action of the fungus was considerable', but that, as 
stateel in the previous Memoir, tin* ae-tual e-e)nsumptie)n eef sugar was 
small. This e-onsumptieen, he feuiinl. fell entire'ly eeii the le'vulerse'. 
Thus in one experiment, theeugh 7,1 pe*r e-e*nt. eef the .sue-i'e)se' was 
inverted, not one-twentieth part of this was ae-1ually e-enrsumed by 
the fungus anel this appeared te) be* all levulose*. The invensieen was 
proved to be due to the presene'e of invertase. whie-h was feeunel beith 
in the mye'clium and alsee in the .seelutieni in which the* fungus was 
grown. 

Since it is known that the upjn'r portion of the cam* is richer 
in glucose, though poorer iu total sugars, than tin* lower', exj)eri- 
ments were made to compare the growth of the fungus in tin* top 
and bottom portions. Jn the first expt'rinu'iit. .‘1 .sound Striped 
Mauritius canes were cut and brought to the laboiatory. Tlu'v w'^re 
each inoculated at a lowei' and an u[)p('r iut<'rno<h* by removing 

^ But lor, E. J., loc. nl., p. 7. 

* Bewton-Braiii, L., loc. cit., 1908, p. 92. 

® Loathor, J, W. (''hoiuical coiiipositi<m ot '‘unarcano aiul imu sug.iiN. Anne. Lodgor# 
No. 3 of 1897, p. 13. 
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a cylinder a.septically with a .small cork borci’ and inserting a small 
(juantity of a pure culture of CoUetotrirhuin. Aftt'r eight days they 
were examined. The lower inoculations were found to have infec- 
ted 2 + 2 + 1 internodes respeutively, (he upper The ex- 

periment was repeat(‘d with Samsara canes, (5 Ix'ing inoculated in 
the sam(‘ way. Aftei' seven days one was examined and was found 
to have 2 internodes infected at the base* and 1 at the top. 'I’wo 
days later another was examined, ,) an<l 2 internodes respectively 
being found infected. Two days lat(>r the rest were examined. In 
one the infeeti'd poitious had united in tlie middle. In the otlu'r 
three, II -f 10 + 7 internodes were found infected at the ba.se and' 
3 + .") + 2 at the top. Tlie experiment on page 1(57, where inocida 
tioiLS with the leaf form of the fungus were made' at tin* to]) and 
bottom of growing canes, sliould also be compared. As th(> prac- 
tical point at issue was to determine if any recommendations could 
lie made for planting one ))ar( of (he cane ratlier than another, 
where r<‘d rot is prevalent, the' natural inva*r,sion (bat go(‘s on aftm 
cutting was not taken into account, .since it must eijually go on in 
planted .setts before germination. Tlie evperiments do not suggest 
(hat tops, though richer ingluco.se. can be more rapidly invadisl by 
(/ollcloli'ic/uuii than (he rc'st of the cane and tlu're ajipears to be no 
objection to (heir u.se from (his point of view. The .second e.xjieri- 
ment and that given on page 1(57, mdeeil suggest that tin* contrarv 
is the case', lops are also less likely to contain the fungus, w'hen it 
has originated from below at a l.ate stage in the growth of the cilne. 


t'oNTHOL OK THU DI.SHAsK. 

lliG (‘oiitrol of i(‘(l lot w;is • a.* a. 

l)V ril(‘ (nirlKM* JllVOStlgatuVi^ 

lo be. likoly b. b,. VO, V it, i„ ,1,0 

.,f tl,0 OLbO, tl,0 f,V, „|,so,„,. „f ,|ofl„i,o ov,„|,|.„„s by whicl, il 

„.igbtbo,lolVofo,l,„ll,og,owi„K<.|o|,,m,l ,1,0 prac tical i,npos»ibility 

„f prcvc„t,„8 cvbiol, 

Bat of u.„,a |i„|o i,,.,,,,, 

ivUereif was f„s,t ,lcs,.,.,l,c,|, i, ,„,,y 1,,, o,„ir|,„|o,i t|,„, i,,,, 

proved so s(>riou,s an enemy as was onci* feared. 
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In India it is in rnajiy jilaces tlu* greatest obstacle to successful 
cane cultivation. In Madras. Honibay and Bengal tlie area under 
thick cane lias in certain districts periodically shrunk as a result 
of an accuimilation of i‘ed rot in the crop, to ex])and again only when 
the diseased cane has been i‘ej)la(*(‘d from outside. Red rot has often 
l)(‘en th(‘ limiting factor to the sina'essful cultivation of heavy yield- 
ing canes. 

The experiments given above ar(\ we think, suHicient grounds 
for holding that this should not Ix^ th(‘ case: that, granted that a 
start is niaih' with a healthy stoc'k, it should b(‘ })ossibh‘ to k(*e]) 
the disease un(l(‘r contiol with no mor(‘ than an oc'casional sevau'i* 
outbreak due to a s|)(H*ially unfavourabh' s(‘ason. 

The first riMpiirimienl is to start with a healthy st()(*k. In thosi* 
districts, such as tin* (lodavari l)(dta and sonu* [larts of Bombay 
kr(‘si(l(MU‘V.’ where th(‘ local canes have Ix^come widely infected. 
n(‘w lu‘althy sihmI must be brought in from outsuh'. The very 
succ(‘ssful history of tlu' Sanialkota Sugar Station in the (Jodavari 
I)(‘lta, shows what e\('(‘ll(‘nt results may be obtaiiu'd by this measure 
under ellhmmt su])(M’vision. It is highly ))robabl(‘ that tlu^ litth* 
that has beam heard of r(xl rot in rla\a, in r(‘(‘cnt years, has Ixurn diu‘ 
to tin* idToits made to obtain good (*an(‘ for planting, from special 
M'cd nursm‘i(‘S. combiiKMl with the grovth of siaHlling canes which 
will b(‘ i-(d(M*re(l to Ixdow . As tin' Samalkota rt'sidts are availabh* 
in tlu* Annual U(‘])orts of tlu* Station, the methods adojited lU'cd not 
lie more fully detail(*(l. Tlu* past histoiy of the cam* must lx* 
taken into consideiation. Then* is goixl (*vi(lence to show how 
dangerous it is to grow' a variety fi*om stock knowm to have* been 
seriously infe(*ted, (*ven though tlu* crop may do wa*ll for the first 
few years. Large (*stales or groujis of estat(*s should lx* self-(*()n- 
tained in tlu* matte]* of s(*ed suj)ply and should poss(*ss a nursery 
or testing gard(*n for tlu* trial of new' vai*ieties undei* tlu* b(*st condi- 
tions. For tlu* ordinary native cultivation, (Jovernnient Farms 
should b(* utilized for tlu* sanu* purpose. In this way a supply of 

’ Kiilkiirni, 0. S. Prcliininarv ''Indy «)t (h(‘ hmI lot ot snu.iruiiK* iii Ou* n<)inl),i> 
CrosideiX'y. Dt'pt. <>1 A^ric., Bombay, Bull. No. 44, U)!!, i>p. r>-0. 
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lioiilthy seed can be assured and new varieties can be introduced 
into cultivation as i'e([uii*ed. 

Systematic and thorough selection of the setts used for planting 
must then be done each year or the new varieties will not maintain 
their fieedom fi'om divsease for long, the methods to adof)t are 
described in a previous paper' whi(*h should be referred to, and 
present no diffic'uKies in practice. We consider that there is no 
single operation in the (*ulti\^atioJX of thick canes in most parts of 
India of greater importance than this. It is not to be anticipated 
that the disease (‘an b(‘ got rid of by a single selection nor, indeed, 
usually got jid of in its entirety by annual selection ; the most that 
is claimed is tliat it can be k('pt within reasonable limits in normal 
years and with good ( ultivation. Tlu^ object of the sek'ction is to 
prevemt an accumulation of ivd rot to such an (^xtemt as mateiially 
to reduce profits and nmder it dillicnilt to obtain a siifficatmt su])ply 
of sound se(Ml for the coming season. 

Of l(‘sser importaiu'c l)nt still worth doing in most cases, is the 
regular r(Mnoval of all withering (‘him|)s during the growing and 
ripening season. Such clumps, if left, diy iij) and produce spores, 
sometim(\s in considerable ([uantJty. Infection of even perfcndly 
sound can(‘ through th(‘ aerial root (\y('s and through injured buds 
has been showji to occur and though our (^xperunua^ in Northern 
India has b(‘en that such infection is not common, it is perhaps more 
fre([uent in iMadras, whcic the disease appeals to be moi*(‘ viiadent 
ajid rapid in its ons(*t than with us. There is, alscx, th(‘ danger of 
infection througli the soil, especially in irrigated can(% by means 
of the shed spoil's. 

Judging Ironi (JocIm can experience it is important to give cane a 
long rotation. How far this residts from the peculiar cinaimstances 
of cane cu]ti\'ation in lieavy paddy soils, with very fiCijiient irriga- 
tion, is not clear. In the (todavari Delta, the old practice was eight 
or nine years :est fiom «*anc alti'r a two years’ cane crop (one year 
plant cane and one year ratoon). More recently, it has been reduced 

’ BuUl-i. I . .1., lot . cU ., 1907. 
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to six years, probably with bad results.' At Sanialkota a two years’ 
"dry” rotation (not followed by paddy) and a three years’ “wet ’’ 
rotation (followed by paddy) w<“re tried, but found unsatisfactory. 
( )n the other hand, at i’usa, cane one year in live has bc'en satisfactory 
and the non-irrigated cane in Bihar usually gets a much shorter 
rotation. The fungus appears to die out rapidly in moist soil, but 
cultures exposed to th(‘ air and kept moderately dry retain their 
vitality for at least five mojiths. In Hawaii. Lewton-Brain found 
that plate (“ultures allowed to dry out invariably gave no sign of 
vitality after three months. But if cane is present, there seems to be 
little doubt that ('oUetoli'icliin)i lives and sjncaids through the soil 
and, in the young irrigated crop, passc's from trench to trench, eitlu'r 
with the seepage of irrigation watc'r, on tin* feet and implements of 
(■ooli(>s or (though l<‘ss certainly) by direct growth throiigh the soil. 
It has been shown that the roots aie readily infected and we have 
lost .several series of comparative experiments at Busa through 
ground infection of control trenches. Ifortunately the ladius of 
spread does not appear to be large and if the measures detailed 
above are carried out. little injurv should be caused in this manner. 

In spite of all these pna-autions. serious attacks of red rot, 
from circumstances not ordinarily under control, may occur from 
time to time. W(‘ hav(‘ met with two such cases. One was the out- 
break at T’usa in lt)()7-(t8. which was. without doubt, the result of an 
epidemic of cane-tiy {Pjinlla ((herratis) on the cane that year. 
Leaf-hoppers are well known in other countries to be as.sociated with 
bad attacks of fungus diseases as. for instance, in llauaii. where 
" rind disease follows with great intensity the epidemics of l(‘af- 
hoppers. It is ])robable that the action of these insects is chiefly 
to reduce the vitality of the cane ami render it increasingly sus- 

' Wood, K. (\ StUMitil’n Kopon toi t lu .S\innKot\ \munltiiitl Mtlioii tot I'UlsHH 
( iovoi ninoiit Prig'S, Matlot'', PdOd 

^ 'riip (‘tiisc (t this distM'^c Is not \«*t tjmlt* ill n IIom.ikI jm th« \\ i"'t liuliis .tnd 
\\ cat m da\ti hidd tlaif i( Mas idiMilaal wdli lod lol. iho tiiami'-. \f dacron /nm S/nrhan, 
previously believed to be its laiwe, beiat^ aieiiU a tolloMin ol i'olhtotnchinn faUalun} 
Subsequent workeiN, sueh as Leyton Ibain, (V>bb ainl Kd^eitoti in the West Indies, HaMtiii 
and Louisiana, have reverted to the pivvious view, lhoin»h quite ietenll\ South and Dunlop 
have failed to establish the parasitism ot Uilantonnnn Smthan. In the Last, this liinmis has 
not been recorded as a parasite. 
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('(*])tibl(* to info('ti()Ji froiu aoriMl s])()ros, wliicli woie formed in coii- 
si(loral)l(' (|uaiititv oji the leaves during tlie outbreak at l^usa. Ihe 
otliei’ (*as(‘ was a s("V(‘r<‘ attack of i*(h 1 rot following (‘\t(*nsiv(' floodiug 
of tlie eaiK' fields, in soim* estates in Biliai* s(‘vei*al years ago. I li(‘ 
(‘[feet of U!d’avourabl(‘ external eojiditions such as this on the onset 
of th(' disease' is diseussc'd moie fully Ix'low. 

Srs('Ki*TinirJTY of vautftifs of cxnk. 

Little' light has be'e'ii thre)wn by these inve'sligatie)ns e)n the' 
<|uestion e)f tlie' relative' susee'])tibilify of didVrenl varieties eif e*ane‘ 
to le'd ie)t. One' fae l that i.s e)b\ie)us to any e)bse'rve'r e)f the' elisease' 
in Inelia is that the' thin vaiie'tie's of e*ane' are', on the' w heile', h'ss sus- 
ee'ptibh' than the' thie'k. Seinie' e)f the' Ineliaii thin e*ane's are' se) 
wieh'ly elive'ige'iit freim the' thiek raee's. that write'is in Java have' 
sugge'ste'el that tlie'v may have originated from diffe'rent spe'eae'S of 
^(t(rhann)L^ If se). e)iie' may pe'rha])s antieapate' that the' re'lative' 
immunity e)f the' thin kinels will pre)ve‘ te) be' a eh'e'p se'ateel ge'rm " 
eJiarae'ter. W'ith re'gaiel le) the' thie'k e^ane's. e'e'rtain eibse'rve'rs. 
anel in parliemlar Dr. (\ A. Barbe'i*. he)l(l that the' te‘nipe>rai‘v oi 
apparent immunity e)f ea'rtain thie*k varie'tie's e*an be' bre)ke‘n eleiwn 
by bael e‘ultivatie)n. lie' eh'se-ribe's" he)\\. in the' (h)elavaii Delta, 
siu'e'e'ssive' e-ane's have* he'ld fa\'e)nr eluring the' past feiitv ve'ars, e'ae*h 
in turn gre)\Ning luxuriantlv anel bringing we'alth. but afte'r a few 
yeai’s be'e'e)ming elise'ase'el. The e-einstitut ie)n e)f e'aedi e-aue' hael bee'ii 
breike'ii in turn by the'e'xc pre'se'iit fungus, unt if all the' |)lants eif that 
kinel in the' elistrie*t we'ie* inlee-te'el. Again he' state's’ that e)f the' 
varieties e)f e*ane bie)ught fimn e)the'i eM)UJitrie's fbr trial at Sanialkeita. 
none' were ivaby immune* anel it is ])re)bable' that ultimately all wall 
suerumb in turn whe'i. plae-e'el uneh'r the* aelverse* e*e)nditie)ns of the 
le)eal agiieultuie'. In the* same* pajie'i ' he* nie'ntie>ns as a e*urie)us fa(*t 
that the lje)spet eaiiie* varie's gre'atly in its liability lo dise'ase in the* 
elitle'ivnt re'gions whe'ie* it isfe)UJiel. A siiiiilar ease* e)C(‘urred with the* 

Kobns a. D. 0\ (‘,/n hi \ 1,0 M j lo(^]) (Ici import, i1 ioplannoii van vrornnk' i id soorten 

op ccii ciland haiten Java. Vidml a. ,1. .J.^ i Smkrrimlustric, It, Jsi)4, \h eu;2. 

2 Barber, (\ A. Tlu Sainalkot i Sm^dnaiio Fart.i. N-ri.*. dourn. of India I, IlKMi, p. 

^ 1I>. Seodlin^ e.nios m ludn .Fonm. ot rn(1ii, XUT, It)l2, r). .’121. 

* Ih. lof\ cii. p. 'i20. 
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liombay Puiidia caiu* wliicli, when iiituodiicad at Samalkota, WFiit 
out from disFas(‘. in tlu^ first si'iisou, thougli tJu' panuit stock 
is littk* sul)j(‘ct to red rot. Kulkarid^ also notes tlu‘ fi;radual 
deterioration of tliii k can(‘s in parts of Jionibay, and West Indian 
literature* is full of !(*f(*ren('(*s to tin* breakinj; down in health of tin* 
r>ourbon cam*, once* wid(*ly <jfro\vn, and this l)i*(‘akimi down s(*<‘ms 
to have f^om* on more* rapidly in some l()(*aliti(*s than in others. 

These* (*X[)eii(*n(‘es with suj^are'ane* are* l)y ne) m(*ans unie[iie 
amongst plants ordinarily pre)pagat(‘el in a V(*getativ(* manne*?*, that 
is bv tubers, cuttings and the* like. In lr(*land the* ” Champion " 
pe)tato was larg(*ly e-ultivate*d for many y<*a]s. e)n ae*ce)unt e)f its 
re'sistanee to |)o1ate) blight, but it has le)st its le^sisting pe)W’i*rs anel 
bee*n r(*j)lace*d by newer se*edling varie*ti(‘s. Seve*ral similai' 
e‘as(‘s aie* known, and the* [)he*nom(*non is ol ce)nsiderablo seae'iitilie* 
iiderest.'^ Such pre)gr(‘ssive* <l(*te*rie)ratie>n is in many eases 
a|)pare‘ntly innate* anel has be‘e*n likeMi(‘el te) sen(*sc(*nc(‘, being e*ai)ablt‘ 
e)f being e*li(*eke*d whe*n a m‘\\ g<*neiation is starteel by se*xual 
ie*produ('tion (e\e/.. by raising from se‘ed). Put it can be hasteiieel 
by expeisuie* te) unfavourable* cenulilieuis e)r, e>n tin* e)the*r hand, be* 
pe)st})e)ne*d bv ])re)fe)und e*hange‘ in the* e*nvironment. l>ai'l)e*r states 
that the* surest wav te) indue'e* re*el ie)t in cane to make* its appearance* 
is to j)lant the I'anes in a water-loggeel site*. J lariise)n. in British 
(Juiana, e'e)nsiele*rs that the susce])tibilitv e)f ee*rtain kinds e)f ])lants 
lor instam e*. the lieiurbeen eaine. te) fungus attacks is elm* in [)art at 
le*ast te) ele*fe*e'tive* seeil e*e)nelitie)ns.‘ Sue*h state*me*nts e*an be* multi 
l)li(*el anel must, we tliink, iiulie'ate* a re*al phene)mene)n. In the* 
opposite* elir(*e*tiem aie* sue'h e*ase*sas that reeaireleel by Calkins.' where* 
a eeinstantly changing eadtui'e* me*dium was lounel te) have* the* e*lfe*(‘t 


• Kiilk.irm, e S. Ci<’liminai> "t ii(l\ ni < lu- umI m>i ol m'.nu* ni 1 lu' l><)nil).n Cfr^Kic'iu \ 

Di'pai «>£ A^riciilturo, Unnil ay, Hull. 11, i’UI. 

^ V. f. Marlon, M. CroMiMUs o( Cilr aiul ia*|)nnhi( (lou. eronn‘.'-;:iV(‘ Sturuc* Soric.^^, 
l‘U:k p. M). 

BarhiM*, 1'. 'riu‘ Sainalkol.i Sunaivan«‘ Farm Xuiu*. .lomii. ol Iiulia, I, I !)!)<», 

p. 4.'). 

* Harrison, 4. 13. Varioti(*s ol Mamiri.a <*\porimonfs in Hriti'^li eauana. 

Wt.st Indian Hedlotin, l,\, 11H)0, p. 40. 

^ O.ilkins, O.iry N. Croto/.oology, lOle), p. le)!). 
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of prolonging the life of the race in Protozoa, bred from a single 
individual and not permitted to conjugate ; when asexual pro- 
pagation only is allowed and the environment kept constant, the 
* race soon degenerates and dies out.' 

It is not unlikely, therefore that, there are two types of relative 
immunity, a genetic, such as is shown by the thin canes so widely 
cultivated in India, and a fluctuating, and that the latter is much 
more exposed to the influence of external conditions than the former. 
Indian thick canes, which have been subjected to vegetative propa- 
gation without a break for many generations, seem to show no 
evidence of genetic immunity. Hence fre(]uent change of climate, 
good cultivation and good hygienic conditions generally, seem to 
be of great importance in preserving them from epidemics of disease. 

The possession, by India, of a large range of relatively immune 
(to red rot) thin canes, of hardy habit and great tillering powers, 
though less productive than the thick canes of other countries, 
may prove an asset of the greatest value. The growth of seedling 
canes has been recently undertaken at the Coimbatore cane-breeding 
station under the control of Dr. Barber. If it is found possible by 
hybndization to combine the resistance of some of the thin canes to 
red rot, with the yielding qualities of a thick cane, a great step for- 
ward in enabling India to grow enough sugar for her own consump- 
tion and perhaps even to compete successfully with the sugar 
exporting countries, will have been taken. It is a happy augury 
hat amongst the best of the canes now grown in Java (the most 
formidable competitor m sugar production that India has to meet) 
progeny of crosses between an Indian thin cane, the 
Chunnee obtained from Shahjahanpur (where, Dr. Barber 

informs us It is locally called Chin), and the Cheribon thick oane 
grown in Java. 

PUSA, 

30tA, 1913. 


«d W«d (W-t Indi«. Bullrtin, Xin! 19,3. 





DESCRIPTION OF THE PLATE. 


Fig. 1. Penetration of a hypha, arising from an appressorium of the stem form of 
Colletotrichum falcalunif into a motor cell of the unwounded leaf of 
sugarcane. The midrib commences immediately on the right of the 
figure. X 350. 

Fig. 2. Penetration of a hypha, arising from an appressorium of the stem form of 
Colletotrichum falcatum, into a cell of the thick-walled part of the epi- 
dermis at the edge of the midrib of the sugarcane leaf. The neighbour* 
ing central part of the midrib had been wounded by scjaping off the 
outer layers with a sterile knife. X 500. 

Fig. 3. Penetration of an adventitious root on the stem of sugarcane by liyphpe 
of Colletotrichum falcatwn, through the uninjured epidermis. X 500. 

Pig. 4. Penetration of an underground root of sugarcane by hyphse of CoUetolri- 
chum falcatum, through the uninjured epidermis. X 300. 

Fig. 5. Passage of the mycelium of Colletotrichum falcatum from a young inocu- 
lated adventitious root, of the same series from which fig. 3 was drawn, 
back to the main stem of the sugarcane. The hypha' enter the vascular 
tissue and the parenchyma of the stem and spread in all directions. 
X about 50. 
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{Ce])]ialosporii(vi Sdcclian Butl n sp.) 

In the course of investigations of the red rot of sugarcane, 
caused by Golletot7'ic}mm falratum Went, a second disease, to which 
the name red rot might equally well be applied, since it pro- 
<luces distinct reddening of the cane pith, has frequently been 
encountered. With a little practice the two diseases can be dis- 
tinguished and they are caused by entirely distinct organism.s. 

As in red rot, the earlier symptoms are elusive. Except 
in such cases of severe infection of the cuttings selected for 
planting as cause the death of the young shoots, in the manner 
more fully referred to below, little is »noticed until the canc is 
about half grown. At this period affected canes lag in growth and 
stunted, single stools, or patches of varying size, may soon be 
observed scattered through the fields in which the disease is 
pievalent. Prom this on until the time of harvest, withering of 
individual canes, or even of whole stools, occurs. The leaves dry 
up, as if insufficiently supplied with water, followed by the stems, 
which become light and hollow. If the cane be split longitudin- 
ally when the leaves are first observed to wither, a charac- 
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teristic discoloration ot the pith, as shown in PI. I, Fig. 1, may 
be observed. A comparison of this figure with a coloured drawing 
of true red rot’*' will show the difference in appearance of the two 
diseases. Instead of bright red patches and streaks, broken by 
transversely o.\panded white areas, there is a diffuse purple or 
dirty-red colouration, in which brighter red, vertical lines mark 
the position of the bundles. The tendency of the colour to 
become muddy at an early period is its most strongly marked 
character and serves to distinguish the disease from any other 
known to us. In old eases the red almost disappears, being 
replaced by an earthy brown. The pith dries up more rapidly 
than when attacked by CoUetotrichvm and becomes hollow. 
Within the hollow portion, a flufiy grey growth of mould is often 
found. 

Microscopic examination shows that the stem is infested 
throughout the reddened portion, which may be confined to a few 
joints or extend to the whole length of the cane, by a fungus, 
whose hyphjo ramify through the cells in all directions, penetrat- 
ing the fibro- vascular bundles as freely as the large-celled paren- 
chyma of the pith {PI. II, Figs. 2 and 8). Most of the hyplne 
are fine, not exceeding ,‘5 n in diameter in recently infected parts, 
and either uniform or tapering gradually. They pass from cell to 
cell through the pits in the walls, when pits are present (Fig. 2), 
but can also penetrate unbroken walls and seem to have no pre- 
ference for one tissue more than another. Even when old, they 
remain hyaline. Occasionally they have been found bearing conidia 
in the vessels (Fig. 5) and possibly do so also in the parenchyma 
of the pith, as the condition shown in Fig. 4 appears to repre- 
sent an early stage of spore-formation. The conidia are small, 
hyaline, unseptate, oval, and usually appear to be borne singly 
on short lateral branches of the mycelium. They resemble 
closely the microconidia frequently found in the vessels of plants 
affected with the Fusarinm wilts. 


* See Memoirs, Dept, of Agric. in In lia, I, No. 3, 1906, PI. I, or Agric Jouin. ot India, If, 
1907, ri XI. 
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In the hollow which invariably forms in the pith of affected 
internodes at a late stage in the disease, there is usually a 
copious greyish-white, fluffy growth of hyphie, similar to those 
found in the tissues, and bearing great numbers of conidia, 
resembling those observed in the vessels, though often of some- 
what larger size. The characters of the fungus can be studied 
from this growth or, more satisfactorily, from pure cultures, and 
they show it to be a member of the form-genus Ceplialosijorium, 
several species of which are known to be lower stages in the 
development of llypocreacea\ 

Tlie hyphm are hyaline, slender (about 3 to 5 m in diameter), 
richly branched, sparingly septate when young, not varying 
abruptly in diameter, though swollen segments are found in old 
cultures. Sometimes the individual filaments unite together to 
form coremial strands, usually only two or three hypha3 taking 
part in the formation. An early stage of such a strand is shown 
in Fig. Oa, Chlamydospores have not been observed either in 
culture or in diseased canes. 

Hie conidia are borne on short, simple or branched, lateral 
hyphre and also terminally on the ultimate branches of the 
mycelium. They measure 4 to 12 a (usually 5 to 8 m) by 2 to 
3 when formed, but increase in size prior to germination. Their 
shape varies from shortly oval to ovoid oi- long elliptical. Occa^ 
sionally they arc curved or with one side flattened. They are 
almost invariabl}^ unicellulai- when formed, but some become 
septate prior to germination, the septa being I to 3 in number 
(Fig. 11). Spores and mycelium are hyaline. 

The conidiophores are usually of definite shape, measuring 
from () to 30 m by 3 to 4 // at the thickest part, swollen slightly 
in the middle or lower third, narrowing below where they arise 
from the mycelium and tapering above, but with an obtuse apex 
on which the spores are borne (Fig. 7). They may be scattered 
along the hypha or arise in bunches near together (Fig. G). 
Branching is not uncommon, being irregular or once whorled or 
forked. Each branch usually bears conidia at the apex, but if 
kept very moist the branches may grow out into long hypha?. 
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The H rst c()]U(liuni is boriu' at the ti|) of* th(i conidiophoiHi and, 
whoii full grown, is pushed fo one side by the formation of a 
s(3Cond spor(i at the sann^ |)oi!d, and so on until a nuinb(ir have 
been produc(id. Sometimes, inst(*ad of forming a second spoi‘{\ 
the ap(ix eontinues growth as a hypha, which may again Ix'ar 
(H>nidioph( )i’es (Fig. 1 ltnhk<‘ most momlx'rs of the genus, 

the successively lorined coiiidiii ar(' not ludd toeji'ther in a niucila*f- 
iiiou.s drop, hut adhere iiK'ndy hy surface attiaetion and are' v(>ry 
easily dislodjred. Ifkejd free from currents of air in a moist 
cliamher, he'ads of /> oi- more can readily he found, d’hey adlierc 
more Hrtidy at tlie has(' than elsewhere and if carefully mounted, 
after treatnn'nt with aceti<‘ acid, such a{)pearanees as those fij'ured 
in h ig. 7o can he ohserved. At first siylif this suy’yests that the 
spores arise near toya'thcr and ;it (he same time, as in (he genus 
//ap/ufr'/c/zanj, but more careful ('xamination shows that (his is 
not the case, oidy oik' s[)oi’e Ix'ing formed at a time and the whole 
apex of the conidiophort' taking part in its formation. 'Phe ajie.s 
is pushi'd out hy growth from within the hypha to form the 
spore, and if examined just after the lalti'rhas fallen and hefore a 
second appears, the condition shown in Fig. 9 is f-mnd. In moist 
chamber cultures sjsires formed on the aerial myeelium appear 
as shown in Fig. H, lying in a .singh' layer with their long a.xes 
paiallel. Spore-production is ('xtraordinarily copious, almosf 
every hypha being ai undantly provided with conidiophores 
throughout (he greater part of its length. 

(Jormination occurs within I hours in many cases, the large 

septate and small unsi'ptate conidia behaving in much the same 

manner (Fig. ! 1 ), 'fhe germ-tube is usually single and tor 
minal, but the septate spores may give out a tube from each end. 
Union of tw'o or more germ-tubes, belonging t(. dillerent spores, 
is common (Hg. 12j, up to five sjiores having been found united 
in this manner. Quo or two of the germ-tubes grow out into 
stiong hypha; from the united mass, the arrangement being prob- 
ably merely a nutritional adaptation. 

In culture on nutrient agar the mycelium remains white and 

filamentous and no fmmation of stromata or of other types of 
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spores has been observed. The species does not agree with any 
previously described and has been named Cephalosporivni Sdr^- 
chari, the diagnosis being as follows : — • 

Cephfilosporfjun Sarchari Butl. n. sp. EfFusum, candidum : 
hy[)his repentibus, parce septatis, 3-5 m diani. ; conidiofdioris 
continuis, simplicibus fureatis vel subverticillato raniosis, sursum 
obtusis, nu'dio vel versus basiin incrassatis, 6-30 m long. 3-4 m crass. ; 
eonidiis ex apice rainulorum [)luribus continuis (ixsilientibus ot in 
capitula collectis sed facillinie seeedenlibus, liyaliiiis, ovoid(‘is vel 
ol)longo-ellips()ideis, continuis, 4-12 2-3 u. 

fn culmis Sdfchro't o(fici)tannii in India oi* 

Culture's of the fungus can be rewlily obtaineel in tlic same 
way as with (/b/Zc/oz/vV// e/u fhlcdtnin^ by cutting out aseptically 
a })ortiou of the [)itli, in the early stage of the disease, and incubat- 
ing in a sterile l^etri dish or potato tube. The growth is freejuent- 
ly pure from th(} eomnunKamient, but if not, can bo I'oadily purified 
by sub-culturing from the aerial mycelium. The following in- 
oculations were carried out with pure cultures from nutrient agar, 
in which spoi'e-production was copious. 

On December 13th, 1008, 20 strong sound Red Mauritius 
canes were inoculated in a stem wound with a suspension of spores 
and mycelium in distilled water, from a cultui’(' two weeks old. 
The inoculations were made in tlie lower half of the cane by 
removing a cylindei* of [)itli with a small sterile cork borer, insci4- 
ing a dro]) of the suspension, and replacing the cylind(‘r after 
cutting ofl a little of the end, so as to leave a small cavity. 44ie 
wound was then bound with sterile gutta-percha sheeting. 

The canes wei’O examined aften- 3 months. In one case only 
had the whole cane dried up, the infection extending above the 
wound to the top of the cane, and below lor 3 internodes. In the 
others infection had progressed through from 4 to fi internodes 
The inoculated iiiternodc had become hollow in every case, thos(* 
above and below being also hollow in some cases. The synijitoms 
were typical and tin* fungus was found throughout the discoloured 
[)arts. 
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On the same day 1 5 canes were inoculated at leaf scars, the 
scar being covered after inoculation with a wad of damp sterile 
cotton-wool, bound with gutta-percha sheeting. The same 
material was used as in the last experiment. 

These inoculations also succeeded, distinct reddened bundles 
being found after 3 months, extending downward from the scar 
through the next internode. The progress of the infection was 
less than in the last case and could not be traced beyond the 
one internode. The hyphyc were found chiefly in the red- 
dened bundles and there was not much lateral spread. It was 
noticed that shoots arising from the inoculated nodes were not 
infected. 

Tlie fungus cannot penetrate the unbroken rind ot the 
internodes. Sixteen inoculations were made to test this, a drop 
of the suspen.sion being placed on the rind, and covered with 
damp sterile cotton-wool for 48 hours. In no case was there 
the .slightest sign of infection. 

As in Culletotrichiuii falcat'iiu), however, the adventitious 
root eye.s at the nodes can be inoculated successfully. Ten 
inoculations were made on the uninjured eyes, in exactly the 
same way as in the last experiment, except that the cotton-wool 
was removed after 3G hours. The first sign of success was 
noticed after 4 days ; one of the eyes being slightly discoloured 
On sectioning, the hyplue were found to have penetrated through 
the epidermis and to have reached almost to the centre of the 
bud. Three days later all the inoculations had clearly succeeded, 
the eyes being reddened and full of hyphse. After 10 or 1 1 days 
the eyes were quite killed and the hyphre were passing into the 
main stem. 

To see if the cane can be infected through the setts at the 
time of planting, half a trench of Striped Mauritius was planted 
on March 7th, 1907, after dipping the cut setts in a .suspension 
of spores and mycelium in distilled water. The remaining half 
trench served as control. Germinatioh was approximately equal in 
the two halves, but 22 shoots withered in the inoculated half up 
to June 17th, whereas there were only a few deaths in the other 



BUTLER AND HAElZ 


187 


half, apparently due to white-ants. The Gephalosporium was 
recovered from 3 of the withered shoots examined. 

As this fungus has been several times found associated with 
Colletotrichum falmtum, experiments were made similar to the 
last, but with mixed suspensions of the two fungi, in 1907. The 
results were striking. Germination was good in both halves of the 
trench, but 45 shoots withered in the inoculated half in the first 
thi’ee months, while there were very few failures in the rest of 
the trench. Golletofrichum was recovered from 2 of the withered 
shoots and Cephalosporinm from 8, out of 14 examined. The 
experiment was repeated in 1908 with much the same re.sult. 

These experiments show that the fungus can enter the cane 
through wounds, through the uninjured root eyes at the nodes, 
and through the planted setts. In true red rot the writers have 
shown* that the latter is the most frequent method of infection 
in Northern India. In the present ease the evidence is not so 
complete, but it has been found that wound infection is far more 
common than with Colletotriclmm. The wounds examined have 
been all borer holes, which ai’e much the most frequent wounds 
in standing cane. Altogether 27 have been examined by incu- 
bating an aseptically removed slab from just beyond the margin 
of the hole and, of the.se, 15 have given the fungus. Out of 9 
examined in the 1908 crop when nearly fully grown, 8 were 
infected. This was the year when the most widespread attack 
of Gephalosporium Sacchari was observed at Pusa. 

The disease is found over a large part of India. It has been 
observed at Surat, Poona, Sanialkota and throughout North 
Eastern India. As a rule it seems to accompany red rot, quite 
a considerable percentage of the cases examined being due to 
mixed infection. In the 1 908 attack at Pusa, however, there 
was practically no true red rot and a good deal of damage was 
done by an unmixed attack of Gepthalosporkim. Similarly, in 
1912, several cases of pure infection were encountered, and pure 
cultures were obtained direct from the mycelial growth in the 

* Butler, E. J. , A. Hafiz Khan, Bed Hot of Sugarcane. Mem. Dept, of Agric. in India, 
Bot, Ser., VI, No. 6,1013. 
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hollows of the pith. As a rule, so far as has been observed, the 
infection is not virulent ; spread within the cane is gradual and 
communication from one plant to another slow. A large number 
of borer holes become infected late in the season, but the parasite 
usually seems to remain confined to a few internodes. As bored 
setts are usually discarded at planting time, infection by this 
channel is not often transmitted to the following crop. The 
fungus has not been found on the leaves or on the surface of the 
stem, in the field. In the laboratory, however, a case of sponta- 
neous infection of the leaf with a fungus exactly resembling that 
under consideration occurred, and this led to further examination. 
Inoculations were made with cultures obtained from the growth 
on the leaf and also with cultures from diseased cane stems 
Both gave similar results. Six inoculations were made with each 
of the two cultures. In two cases the inoculated leaf withered 
too rapidly to allow of definite observations. The remaining ten 
were quite successful, PI. II, Pig. 1, showing the condition after 
three days. Penetration had occurred chiefly through the large 
thin-walled motor cells. We have not been successful in finding 
cases of leaf infection in the field, but as leaf spots are extremely 
common on sugarcane such a search is not easy. The spot caused 
by Cephalospormm Sacchari in artificial inoculations resembles 
that caused by llelminthonporimi Sacchari, described in a later 
section of this paper, and all the field cases examined belonged to 
this latter fungus. 

Rotten canes must set free large quantities of spores and the 
source of the infection of cane wounds may come from these, from 
the leaves and, if the species passes part of its life as a soil sapro- 
phyte, as is not improbable, possibly also from the soil. The genus 
is so common in cultivated soils, and this species has so little to 
distinguish it from some of the habitual soil dwellers, that its 
recognition would be difficult. It lives very readily as a sapro- 
phyte, however, growing luxuriantly on most of the common' 
culture media and remaining alive in culture for about 3 months, 
so that it is probably present in the soil of cane fields. The 
inoculation experiments indicate that infection of the setts at the 
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time of planting, causes a good many of the young shoots to 
wither within the first 3 months. As this early withering 
has not been very frequently observed in natural attacks, we 
conclude that infection of the growing cane, through wounds and 
through the root buds at the nodes, is the more common origin 
of the disease. 

The control of the disease should evidently be on much the 
same lines as in ture red rot*. As, however, wound infection 
is far more common, the importance of removing diseased clumps 
before they have time to rot and set free spores is much greater 
As a rule the disease is not a severe one and though our 
experience with it is limited as yet, it is probable that it is 
incapable of doing permanent damage so long as the measures 
advocated against red rot, which we consider to be essential 
to the successful growing of thick cane in [Northern India, 
are carried out. 


Description of Plate II. 

[Cephalospo7’ium Sacchm'i But).) 

Fig. 1. Leal of sugarcane inoculated with Cepimlosponam Sacchan^ showing 
lungus in the motor cells and emerging to the surface, x 640. 

,, . Hypha* in parenchyma of stem and passing from cell to cell through the 

pits in the walls, x 100. 

,, o. Hypha* in fibre- vascular bundles, x 100. 

„ 1. Hypha in a cell of the parenchyma with indications of spore formation. 

X 320. 

,, T). Spore formation on hyphie in a vessel of the stem, x il20. 

., 6. Mycelium bearing conidia, from a pure culture on nutrient agar. At a the 

commencement of the formation of a cojremial strand is seen. x 320. 

7. Conidiophores from a pure culture, after treatment with acetic acid. At 
the adherence of the conidia at their bases is indicated, x 640. 

„ 8. Successive stages in conidial formation, drawn from a continuous observa- 

tion. X 640. 

„ 9. Conidiophore immediately after a spore has fallen and before a new one has 

commenced to appear, showing the hollowed apex, x 640. 

,, 10. Conidia from nutrient agar culture, 6 days old. x 640. 


• Bullcr, E. J,, & A, Hafiz Khan, hw, nt. 



190 


NEW SUGARCANE DISEASES 


Fig 11 (termination of the conidia, showing eepeciall^^ the scptation which some 
times piccedeb germination x .520, 

, 12 T'nion of the geim tubes ot the conidia. x 320 

,11 V spore bearing hypha continuously observed, showing the extent of giowth 
and spoie toimation in 22 houis \i a conidiophoies have continued 
apical giowth aftei toiming a singli Lonidium I he sipta line been 
omitted 



II. — Collar Rot. 

[Ilendersonina S'tcchari, Rutl. n. g., n. sp.) 

In the last section a disease was described which has fre- 
quently been mistaken for red rot. A second disease is sometimes 
confused with red rot in India, and the following description may 
lead to its recognition and thus secure further information regard- 
ing its distribution and the amount of injury it causes the crop, 
points on which our observations are incomplete. 

Towards the end of 1908, a number of canes withered at the 
Samalkota Sugarcane Station, following on a cyclone at the end of 
September, which did much harm to the crop. A recrudescence 
of red rot was feared, as many of the canes were reddened at the 
base. We examined the crop in January, 1909, and found ex- 
tremely little true red rot. Some of the damage was apparently 
not caused by disease but by injury to the root system as a result 
of the storm. A good many cases were seen, however, in which 
the symptoms suggested the action of a definite parasite at the 
base of the plant, and a fungus was isolated from the tissues in 
these cases which proved capable of reproducing the disease. 

In the following season the disease reappeared and was more 
fully studied, but for the last three years there have been no 
further records of its occurrence on this^ farm. Recently it has 
been found at Jorhat Farm in Assam, and it is possible that it 
also exists in the Central Provinces, where we have observed a 
somewhat similar condition, but without being able to make a 
detailed examination. It has not been recorded elsewhere, and 
the parasite differs so widely from any previously known that it 
has been necessary to make it the type of a new genus. The 
varieties of cane so far observed to have been attacked are Red 
Mauritius, Striped Mauritius and B. 208 . 
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The symptoms outwardly resemble those of red rot, so far 
as the withering of the top is concerned. The top leaves wither 
back from the tip along the edges, the midrib remaining green 
later than the rest of the leaf. The larger leaves below the crown 
appear to suffer first, those at the apex remaining unaffected for 
some time. When the leaves have fully withered, the cane is 
found to be much lighter than normal. On splitting, the upper 
part is usually pithy and dry in the centre, or even with a central 
cavity along each internode, around which the pith is dry, white 
and (laky. Lower down the pith may be still juicy but has a 
curious translucent watery appearance ; still lower the centre por- 
tion may be brown, while red streaks or patches may often be 
seen, especially at the nodes (PI. 1, Pig. 2). At the base, where 
the feeding roots arise, the red colour predominates and is 
especially visible at the nodes. In old cases the lower internodcs 
also dry up and may develop a central cavity, surrounded by red or 
brown pith. The roots arising from the basal nodes are usually 
blackened and rotten, and the appearance suggests that the 
disease enters the base of the stem from the roots. 

In the Jorhat oases the buds at the lower nodes had sprouted 
and subse(juently withered. The reddening was specially well 
developed at the nodes from which these shoots arose. It is not 
yet certain how far this sprouting of lateral buds is a symptom of 
the disease, as it appeal - [lossible that the Jorhat attack is com- 
plicated by the occurrence of a non-parasitic, .scov7#-like degenera- 
tion of the cane, which reejuires further investigation. 

Microscopic examination shows that the roots and base of the 
stem arc invaded by a tungus. The mycelium is confined to the 
definitely reddeiied parts, being absent from the translucent upper 
portion of the cane. In the Jorhat cases the fungus was found 
collected chiefly at the nodes, the intervening internodes being 
almost free from hyplue until a late stage. The discoloured roots 
always contain a considerable quantity of mycelium. In the 
early stages the hyplne run between the cells in the inter- 
cellular spaces. Here they are usually extremely fine, though 
thick ones sometimes occur. Later on, branches from the inter 
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cellular mycelium penetrate the walls to enter the cells. All the 
tissues are invaded, bundles as well as parenchyma (PI. IV, Pig. 1) 
In the cells, and especially in the vessels, very thick hyphte may 
occur, sometimes almost alone, sometimes intermingled with the 
tine filaments. Careful observation shows that both kinds belons^ 

o 

to the same mycelium and can be found in direct continuation 
with one another. Sometimes a haustorium-like, branched mass, 
arising from thick hyplne in an intercellular space, almost fills a 
cell. At first septation is rather scant}^ but in the older hypha* 
the septa lie xery close together, the segments thus formed being 
often broader than they are long. No trace of spore-formation 
was found either in the tissues or on the surface of the diseased 
canes befoie theii- death. 

Cultures of the fungus were obtained in the usual way, 
from the surface of the cane pith cut with a red-hot knife. The 
fungus grew well on ordinary nutiiont agar, forming a dense 
su})erficial giowdh. The following description is from pure 
cultures on this medium. 

The mycelium is white or faintly tinged yellow. The 
hyphaj (PI. lA^, Pigs. 2 & 3) are very variable in size. The main 
branches are very thick, sometimes up to 1 5 m in diameter, at 
first hyaline and sparinglj^ septate, then pale yellowish and 
closely septate. Branching is copious and often rectangular. 
Very noticeable is the tendencj" of the older branches to give off 
extremely tine, hyaline, thin-walled hyplne, the difference in 
diameter being so great as to suggest a distinct mycelium, until 
carefully examined. The thin hypha^ are often irr^gularh" 
swollen or even nodular and measure scynetimes as little as I /x in 
diametei. Anastomosis of neighbouring branches is not uncom 
mon (PI. lA^, Pig. Sa). Intermediate stages, consisting of hyphic 
(3 to 8 lUL in diameter, freely septate when old and often irregularly 
swollen, are common. The thicker branches break up readily 
into chlamydospores (PI. IV, Pigs. 4 & f)), which may be termi- 
nal or intercalar, and are usually arranged in short chains. 
They consist of thick-walled cells filled with reserve niaterial, 
round, oblong or long elliptical in shape, variable in size, the 
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largest up to 33 m in diameter, at first hyaline but later slightly 
coloured. They frequently separate from the mycelium when 
mature, and may be found lying singly or in short chains inter- 
mingled with the hyphic. They germinate in water by an 
outgrowth of the endospore. The nodular swellings on the 
smaller hyphac seem to be of the same category, but do not 
usually, become detached ; they often give off fine branches after 
reaching maturity. In many cultures no other spore form was 
found. In several, however, a pycnidial stage developed, and this 
stage was subsequently found on the surface of old canes which 
had been killed by the disease. 

When pycnidia were formed, they began to appear in about 
3 weeks after sowing the tubes, as fine blackish dots immersed in 
the white mycelium. These grew to form prominent black 
nodules, which, under the microscope, were found to consist of 
stromatic tissue with one or more sporiferous loculi entirely 
immersed in the stroma. 

The stromata are leathery, roundish-conical, about I to 
2 mm. in diameter, and consist of an outer portion of brown, 
fibrous tissue, composed of closely woven hyphse, and an innei', 
bounding the loculi, of dark brown pseudo-parenchyma, many 
layers deep. Sometimes bands of the fibrous tissue separate the 
loculi, each cavity then having its separate investment of pseudo 
parenchyma (PI. Ill, Fig. 1), in others the whole centre portion 
of the stroma is cellular and the cavities have no distinct walls, 
except the lighter coloured layers from which the spore stalks 
arise. The cells of the pseudo-parenchyma ai-e distinct, angular, 
isodiametric in the deeper layers, but becoming more elongated as 
the hymenium is approached, with unthickened but deeply pig- 
mented v\’alls and oily contents, and measuring up to 10 m in 
diameter. The colour gradually becomes lighter towards the 
spore-bearing surface. 

The pycnidial loculi are deeply sunken in the stroma, very 
irregular in shape, and often communicate with one another by 
narrow passages. Every stage may be found between stromata 
with a single loculus, through such cases as shown in PI. Ill, 
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Fig. 1, which we take to represent the union of several unilocular 
stromata, to truly multilocular pseudo-parenchymatous masses. 
The cavity is usually narrow, due to cushion-like projections of the 
wall into the lumen. In small unilocular stromata, the cushion 
arises usually at the base, the cavity being convex outwards. 
In larger stromata cushions may also project from the sides, lead- 
ing to very irregular formations. In transverse section through 
the middle of the stroma (PI. Ill, Fig. 3), the cavities are qyite 
irregular in position, but near the apex the arrangement may be 
roughly circular, due probably to several loculi converging to a 
common opening. Ijaterally situated loculi may, however, open 
by separate orifices. In longitudinal section (PI. Ill, Fig. 2), 
there is no uniformity of disposition or size of the cavities. The 
mouth is formed late and is usually not prominent. 

The spores are of two kinds, both borne on exactly similar 
sporophores. The latter arise from the innermost layer of the 
pseudo-parenchyma, which is not sharply marked off as a 
hymenium but consists simply of small, rather elongated cell.s, 
light yellow in colour (PI. IV, Pig. 6). From these one or more 
hyaline sporophores arise and project into the cavity. Usually 
the sporophore is branched, the bi’anches arising chiefly near the 
base and each terminating in a single spore (PI. IV, Figs. 7 & 8). 
In some stromata unbranched sporophores predominate (PI. IV, 
Fig. 9). Septa occur sparingly and the ultimate branches are 
always slender and unseptate. Each sporophore appears alwa)^s 
to bear only one kind of spore, but as they are closely crowded 
at the base, and both spore forms are found side by side in the 
same cavity, it is difficult to be cert^n on this point. Both 
kinds of spores appear to arise simultaneously. 

The most highly differentiated spore form (PI. V, Fig. 1), 
consists of brown, elongated cells, rounded at the ends, 
unicellular or with one or two transverse septa, usually straight 
but sometimes curved, the curvature in bicellular spores being 
occasionally sigmoid. They measure 15-24^^ 375 to 5 In 
some cultures unicellular spores predominated, in others bicellular. 
Three-celled spores are the least numerous. Germination occurs 
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in less than 24 liours by an nutgrowlh from one or both ends, the 
germ -tube remaining unseptate until it has reached a consider- 
able length (PI. V, Pigs 4 & 5)- 

Tho other spore form (PI. V, Fig. 2), consists of hyaline 
filamentous cells, u.sually without septa but with many oil drops, 
straight or irregularlj' curved, variable in length and breadth, the 
longe.'-t being often very narrow, .sometimes broader at the base 
and tapering to a narrow apex, sometimes quite uniform in 
diameter. They measure 20 to 60 by '6 to 2 fi. Germination 
was not observed. 

An intermediate form of spore (PI. V, Fig. S) is sometimes 
found, consisting of |)alc yellow, elongated, I -.septate celKs, borne 
on sporophores of tin' typi' above de.seribed and measuring IR to 
20 by 2 to 

After the pyenidial stage had been obtained in pure cultures, 
it was found in two cases on old canes attacked by the disease, 
one being an inoculated cane at Pusa, the other a di.seased cane 
from Jorhat. The stromata develop in the internodcs, under the 
epidermis, or one or twm layers deeper in, and are smaller than 
those obtained in culture. The outer fibrous layer is absent or 
reduced, the mass of the stroma being parenchymatous. The 
base is broad and extends for .some distance all round, as a narrow 
stromatic layer between the ti.saue cells. In the centre, the 
epidermis is raised up and ruptured by the roughly conical, deep 
portion of the fruit body, which is hollowed out into one or 
several cavities. Unilocular stromata are common, the cavity 
being irregular or sometimes imperfectly divided by incomplete 
walls. The mouth is usually single and develops late. Both 
spore forms occur in the loculi. 

There is much greater uniformity in the spore characters in 
any one .culture of the fungus, than would appear from the above 
description, which is based on the examination of a large seriefs. 
Thus, in some cases, the first spore form was almost entirely 
unseptate and small and the second broad and distinct ; in others 
bicellular spores of the first type were chiefly found, intermingled 
with which were a few hyaline, attenuated spores of the second 
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type ; in others again the narrowly Klit'orin second type predonn 
nated, while tliere' were numerous “ intermediate ” spores and 
only' a few typical bicellular brown spores : finally in some cases, 
especially in the earlier cultures, all the types above described, 
except the “ intei-mediate,” were found, though 3-celled spores 
were never common, 

Keuce we liaye had some difficulty in deciding whether the 
fungus should be considered to belong to the sections odidynut 
or Plif^opli I a</taiv> of the Sphao-ioidafcti . Hut the characters as a 
whole agree better with those of the latter section, of which 
I leudo'sonid is the main type, than with the former, which 
consists mainly of I)iplodi<( and its allies, and the If-c^'lled brow n 
spores should, we thiidt, be considered as the most highly diftei 
entiated and, therefore, most important for systematic purposes. 
The genus differs from the rest oi' the P h (top! irat paid- chiefly 
in the characters of the stroma and the posse.ssion of two distinct 
ty 2 :)es of .sjjore in the same loculus The latter jieculiarity 
approaches it to the genus /Viomop.s/.s- amongst the Ifyidospord , 
and it is of great interest as .sup[)orting the view that the 
hyaline, filamentous bodies of the tatter genus are true spores, 
•and not merely disjuncted basidia as has been maintained by 
some observers. There cannot be the .smallest doubt that these 
bodies in the present fungus are stjores, for they are borne on 
tiue sporophores, in an exactly similar fashion to the spores of 
the 'first tyjie Another fungus in which two spore forms are 
found ‘in the same ^^ycnidium is Fmicoccuyt} riticobim 'KeA* . , 
which Shearf has shown to be the imperfecr form of Crypto.s 
porella aiflcola Shear. Shear distinguishes the two spore forms 
as pycnospores and scolecospores, and believes the latter to be 
true spores, not basidia as held by Reddick. The pycnidia 
themselves are iyimersed in a stroma, which is evidently of inucli 
the sam^ type as that of the sugarcane fungus. [ It should be 

* Kedclick, D. Necrosis ot the ‘j;rjipc vine, (.’ornoll Tniv. Kxpt. stat Hull 26;}, 

t IShear, C. T.(. The asoogenous form of the funi^us causing dcail-aiin <»i the in ipt‘ Phyto- 
pathology, I, 1911, p. IIG. 

J Gregory, C J. A rot ot grapes caused by ('’nfpto^poyella nftrola, I'h\ topatnolocr> , 
III, 1913, p. 20, fig. 1. 
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noted that several species described as Phontopsix are luultilocular 
stroniatic*, though Diedicke, who has most fully studied the 
genus, places it amongst the simple forms, and does not seem to 
include any species with a multilocular stroma. Another genus 
which may be compared is Endof/nella Sacc., where the bodies 
described as filiform basidia or pscudo-paraphyses are probably 
scolecospores. 

The following- is the diagnosis : — 

Ilendersoydna Butl. nov. Sphwropddacearum—^tvo- 

niata iiiiiato-erumpentia, atra, coriacea, pareuchyniaticc contexta. 
Pycnidia (loculi) inimersa, in:iH|ualia, o^tiolls sa'po conflueuti- 
bus. Basidia raiiiosa. Sporuku in basidiis acrogeiun, alteram 
fuliginea}, ellipticju vel elongahn, reetju vel curvula', continual 
vel 1-2 scptatco, altcnu hyalinjc, fihfonnes, recta* vel (lexuosaj, 
continua3. 

HendevHoniiKt Sacchart Butl. n. sp. Stroinatibiis cortice 
innatis demuin cruinpentibus, subgloboso-conicis, 1-2 inni diain., 
atris, intUb i-pluri-locularibus ; loculis irregularibus, subinde 
incoinpletis vel inter se coinniunicantibus, ostiolis siupe conttuen- 
tibus; contextu brunneo, minute parenchymatico ; basidiis rainoso- 
fasciculatis, liyaliiiib ; sporulis diniorphis, aliis fuligineis, l ectis vel 
curvulis, ellipsoideib vel elongatib, utrinquo obtusis, contiiiuis vel 
1-2 septatis, 15-24 y/ aliis liyalinis, tiliforinis, rectis vel 

flexuosis, pluriguttulatis, 20-00 V *^5-2 m. 

In culmis Sacchari o^jiciiKcrum in India, or 

As this fungus is possibly the lower stage of a Pyrenoinycete, 
attempts were made to obtain an ascigerous stage in culture on 
organic media. The following were tried : -Potato, carrot, onion, 
plantain, Co/ocri^irc corm, fruit of C<iric<(, Papayrty fruit of 
PsidiUTii (TUOtjctvUj boiled rice, bread paste and sugarcane pith. 
The last medium was the only one, besides nutrient agar, ‘in 
which pycnidial stromata were developed and none gave rise to 

♦ r./. Harter, L L & Ethel C. ViAd. Diaporihe, the ascogenous form of sweet potato 
dry rot Phytopatlioloj^^y, 11, 11112, p. 121. Koberts, J. W. A new fungus on the apple. 
p. 2(J3. 
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an Hscigerous stage. After a week the onion cultures were the 
best, followed closely by carrot, potato, Caricn, Colocasia, Pddium 
and rice. On bread also the growth was good, while plantain 
and sugarcane were much inferior, especially the last. The 
mycelium was loose and had begun to lose its original white 
colour in many of the tubes, the upper part of the aerial 
mycelium (which exceeded 2 inches in height in some of the 
cultures) turning grey, except in the plantain, rice and sugarcane 
tubes, while the growth near the .surface of the medium remained 
white in all. A submerged growth had developed in the water 
in the bottom of the (potato) tubes and this became light purple 
or pinkish in the carrot, onion and Caricd tubes. The medium 
was discoloured dirty grey in the onion tubes, eyc-grey to purple 
in those of rice and slaty-blue in those of bread. Five days 
later a blackish crust had developed on the surfaee of the water 
in the potato, carrot, onion. Carted and Puidiwa tubes, the 
submerged mycelium was light cinnamon colour in the onion and 
Psiditim tubes, brick red in the plantain, and unchanged in the 
others. The colour liad diffused into the water. The aerial 
growth was turning brown on the surface in the carrot, onion, 
plantain, Colocasia, Cariea, P,ddinm and bread tubes, with a 
little pink in places in those of Colocasia. The medium was 
blackened in the potato, carrot and Cariea tubes, while the upper 
part of the rice was dark coloured and a bluish line separated 
this from the unaltered lower poition ; the same bluish colour 
developed in the upper part of the bread paste. Seventeen days 
later there was little change, the growth in the potato ami onion 
tubes was darker, that in the carrot, plantain, Cariea and 
Psidium tubes had become pinkish in places, the submerged 
mycelium was chocolate-brown in the plantain, and chestnut in 
one of the sugarcane tubes, and a lew dark dots were noticed in 
the denser parts of the mycelium of several tubes. These did not 
develop further and were ultimately found to be merely 
condensations of sterile mycelium. 

The following inoculations were carried out with pure 
cultures, obtained as above described. 
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Id October, 1001), :15 canes in a plot of strong liealthy Ked 
Mauritius, about 7 months old, were inoculated at Samalkota by 
removing? a cylinder, about half an inch in lenj^th, with a small, 
flamed cork borer and itisertino a small tuft of mycelium. The 
cylinder was re[)laeed after cutting; a litth* of! the end, and the 
w'ounded stem bound with sterile i^^utta pereha sheeti]]o. Seven 
weeks late]-, two of the inoculated (*anes commenced to wither. 
In January, 1010, another inoculated cam witluued and w^as sent 
to Pusa for examination The conditir)n of the stem was similar 
to that in the canes fi*oni which the fuiii^us was fiist obtained. 
The inoculated intornode was bright la d. The reddenino extended 
upwards lor 3 int(‘rnodes, the 3id liavinj^ oidy one bright red 
bundle. Pligher u{). the <]aiislu(*(*nt, wateiy condition of tlK‘ 
pith, already desci ibed, was found. Dowuiwards, the reddening 
extended lor 2 int(‘inodes. Jlypha‘ wune numerous in the redden- 
ed parts and pui(‘ cultures of* the (ungus used in inoculating* were 
obtained readil}". Tn Kebruary, four moieof the wdthering inocu 
lated canes w'ore leceived, as w^ell as two non inoculated canes 
arising from the same clumps, wliieli seemed to ha\e beeoim‘ infec- 
ted S(‘(‘oudai’ily. The inoculated canes had typical sym[)toms. In 
twu), the infc'ct ion had extcmded dowmwards to llie base ol’ the stool, 
the np])er jiart being less alleeted. In the otb(*r two, distinct red- 
dening occurred for 2 or internodes above the waiund and the 
[)ith w^as translucent and hollow m the centre for some 10 intei*- 
nodes higher. The hypluc were, as usual, confined to the reddened 
portion, wdiere they wore plentiful and easily obtained in pure 
culture', giving rise to the same fungus used in inoculating. The 
two non-inoculated (*anes had become infected from below ground, 
.ipparently tlu ()u_<i[li the roots, and were withering as a result of the 
attack. The fungus was recovered from those canes also. Early 
in March the plot \va.s inspected by i.ne of us (E. J. B.). A number 
ol’ the inoculated l•ane.shad withered and the disease had e.xtended 
in some cases to other canes in the saitie clumps. The rest of the 
plot was quite free from disease, except where the second series of 
inoculations, to be described below, was located. The symptoms 
wen^ typical ami left no doubt ot the success of the inoculations. 
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Oil the same date as the last, a second series of inoculations 
was carried out in the same plot, by removing the soil from 
around the base of four clumps of cane and watering the exposed 
roots with a suspension of the mycelium beaten up in water. 
These also took well, and when seen early in March each clump 
had one or more withered canes. No other canes were withering 
in the rest of the row to which the clumps belonged nor, so far as 
could be observed, in any ])art t»f the plot, e\cej)t the row in 
which the first series of i?ioeulations had laam made. One cane 
from f^ach cluni]) was split and found to have* typical symptoms of 
tlu' disease, l)ut there wais no opportunity for microscopic exami 
nation. The sym])toniS wan*e, how'cver, so definite that there 
was no doubt that this series wasejuite as succ(‘ssl‘ul as the first 
As tlu' disease' do(‘s not o(*cur at Pusa, it wais not considered 
advisabh' to (‘any out any inoculations in the field. Some were, 
how'e\(‘r, made on ])lants growing in tul)S, at a distance from the 
far/n ciop. The number of canes inoculated through stem wounds 
was six, grow’ing in four tubs, one tub Ixung kept as a control 
The inoculations were made in November lUOD, exactly in the same 
inannci' as tbos(' of the first s(‘ries at Sanialkota. In tlu' follow ing 
Mai’ch none of the inoculated caiu's had withered and two wc'rc' 
removed for examination. The inoculated internode was found 
(liseasc'd in both, the mycelium being confined to the' one internode 
in one case but extending to the next higher up in the other The 
other plants were ke[)t in the tubs until the following year, by 
which time they were still alive but had ceased gi’ow th, exce|)t foi’ a 
few feeble side shoots. In iMay 191 I, they w^ere cut and examin 
ed. The inoculated canes were much reddened near the wa)und, 
the reddening extending for from 2 to 4 internodes (^ach wav. 
A.bove the reddened part, the characteristic transluccmt ap[)earance 
and internodal hollowing of the pith was found. The red [larts 
were full of the hyplue of the parasite and, in one case, pycnidial 
stromata had developed in the internode next below^ that inocu 
iated. The roots w^ere not affected and no spread to other shoots 
iu the same stool had occurred. The jiarasitism w^as, therefore, 
iiiuch less marked than at Samalkota, though the sfirt'ad of tlie 
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raycslium in the living tissues indicates a certain degree of para- 
sitic activity. 

In three other tubs, the main canes of which had been injured 
and in which a “ ratoon” crop was growing, inoculations similar 
to those of the second series at Samalkota, were made in Decem- 
ber 1909, the exposed roots being watered with a suspension of 
the fungus. No outward sign of disease appeared, and the follow- 
ing April the stools were uprooted, as also that in the control 
tub. All were found perfectly healthy and no trace of the parasite 
could be detected in the tissues. 

It seems probable, therefore, that the disease is restricted in 
its distribution by climatic or other unknown conditions, as so 
many of the fungus blights of crops in India are. How much 
damage is caused by it is unknown. Doth at Samalkota and 
Jorhat it was enough to cause uneasiness, but in the latter case it 
is still uncertain whether there are not two diseases at work. If 
it should be found that the condition observed at Jorhat, in the 
Central Provinces, and elsewhere, of excessive tillering, combined 
with degeneration of the plant, sometimes to such an extent that 
no true canes at all are formed, the whole plant remaining grass- 
like, is caused by this parasite, then it will have to be reckoned 
as a serious disease. Meanwhile, further investigations are in 
progress and it is hoped that the publication of the present des- 
cription will lead to the recognition of the disease, where it occurs, 
and fuller observations on its field charactei’s. It is obviously 
impossible, at present, to suggest methods for its check beyond 
the ordinary precautions urged on previous occasions for routine 
observance in sugarcane cultivation in India. 

Descrip'uon of Plates III, IV and V. 
{llendersonina Sacchari, Butl.) 

Pf.ATE 111. 

Pig. 1- Section of a hclerotiuui of Hendet sonina Saccharic probably formed by the 
union of several unilocular stromata. Each cavity is surrounded by a 
separate pseudo-parenchymatous wall, between which the structure is 
filamentous. A mass of spores of both types is extruding from the 
mouth of the left-hand cavity. 
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Ripe sclerotium in longitudinal section, showing the irregular loculi, immersed 
in a pseudo-parenchymatous stroma. The cavities were filled with spores, 
which are not shown. 

Another ripe sclerotium in transverse section. At the base, this sclerotium 
showed only two large loculi. Near the apex there were seven cavities, 
arranged roughly in a ring and mostly opening by a common mouth. 

Plate IV. 

Transverse section of part of the pith of a cane, infected by Hendet bonina 
Satchau, The hyphiu grow from the intercellular spaces^ into the cell 
cavities. Intermediate and fine hypluc are present, but not the very 
thick kind, X 190. 

Very thick hypha from the surface growth obtained on incubating ' an in- 
oculated cane. Branches of intermediate diameter are numerous. These 
in turn will give off very fine threads. Septation has not yet occurred. 
X 850. 

Mycelium from a culture, showing fine and intermediate hyphsc and chlamy- 
dospores. The fine branches are irregularly swollen, and at a, two have 
anastomosed by a side branch. Later stage of growth than Fig. 2. 
X 350. 

Chlamydospores separated from the mycelium and germinating. X 500. 

Formation of chlamydospores. a early stage, intercalar ; b ditto, terminal ; 
c a chain separating from the mycelium (one is germinating), d old 
chlamydospores from a chain, that on the right has lost part of its 
exospore, X 350. 

Pait of the wall o» a pyciiidium, showing the abrupt transition from the 
sclerotial cell layers to the basidial layer. 

liasidia with filamentous spores (scolecospores), X 025. 

Basidia with the broad type of spore (pycnospore). X 025, 

Simple types of basidium, the 8 on the left with hyaline scolecospores of a 
broader type than usual, that on the right with a young pycnospore. 
X 025. 

Plate V. 

Pycnospores of llendei somna Sacchaii. ^ 520. 

Scolecospores of ditto. Some stromata contain only the narrow type, 
uniform in diameter shown at a a, others the more irregular forms, 
X 520. 

Intermediate type of spore between the pycnospore and scolecospore types, 
X520. 

Germination of the pycnospores, early stages (24 hours after sowing). 
X 520. 

Ditto, later stages (48 hours after sowing). X 520. 
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[llehaudhosparinm t^archari Butl. ii. sp.). 

A species of this well-known genus, many members of which 
are parasitic on (iraminefv, is common on the leaves of sugarcane 
at Pusa. The infected leaves first show small red spots, wdiich 
spread rapidly, chiefly in a longitudinal direction and especially 
towards the tip (d the leaf*, may run together to form long streaks 
The centre of the spot soon changes to a dirty straw coloui*, around 
w'hich the margin i*einains red for a time and then changes to dark 
hrowui The spots occur e({ually on the midrib, where they may 
1)0 confused wdth those causc'd by the leaf form of CoUrfofrichum 
fitlcaivwp and on the thinnei part of the leaf When numerous, 
they cause death of the leaf tissues beyond the limits of the spots, 
the tip of the leaf ofien withers completely and there may bc^ 
long withered stn[)s down the margins. 

The mycelium ot the parasite is lound in the leaf cells ol‘ the 
spotted portion and also collects in small stromatic masses on the 
surface of the spot The liyplne are brown at the surface and in 
tlu' outer cell layers, but hyaline deeper in They pass from cell 
to cell through narrow cracks in the w^alls (PI VI, Pig. 2), which 
aie especially noticeabh* in the thick- walled sclerenchyina wdiich 
overlies the bundles, but wuthin the cells are swollen so as almost 
to fill the cavity in the smaller colls. In the epidermis they fre 
quently form small stromatic masses. The cells appear to be 
killed in advance of the growth of the fungus, as although the 
hyphm ai^ numerous in the dead cells, it is rare to find penetra 
tion of a still living cell 

As soon as the centre oJ' the spot begins to turn straw- 
coloured, fructification oceui s by the growth of sporophores from 

* Hiitlei E J. V A. n iliz Klmn. R(mI Rot of Suf^arcano. Mom, Dopt, of Apric, in 
India, Hot Su., VI No. 5, 1M1,1 
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the stromata, both those within the epidermal cells and those on 
the surface of the leaf. 

The sporophores are stout, erect, rather rigid hyphie, which 
arise from the peripheral cells of the stromata (PI. VI, Fig. 4) 
They are usually unbranched, 3 to 10 septate, dark greenish-brown 
below, paler above and several times bent or “ geniculate.” Spores 
are produced at each bend and at the apex, the lowest being the 
first formed and the bent condition being due to the spores being 
alway.s apical at first and being then pushed to one side by con- 
tinued growth of the sporophore from just below the insertion of 
the spore. The sporophoies are 100 to 100 « long, by 5'j to 7'.") 
broad. 

The spores (PI. VI, Fig. j) are borne singly and readily fall 
off. They are cylindrical or long elliptical in shape, with very 
thick walls, and divided into from 4 to 11 compartments by broad 
[lartitions. The colour varies from olive green to brown and 
the size from 35 to 60 m long, by 8 5 to 12 m broad. 

Germination occurs rapidly (within 3 hours in some cases) 
hy the protrusion of a germ-tube from each end of the spore At 
the same time the internal partitions .sometimes break down in 
the centre (PI. VI, Fig. 6). Part of the mycelium formed from a 
single spore culture in a hanging diop, is .shown in the text figure . 
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drawn 48 hours after sowing. The fungus can be readily culti- 
vated on most ordinary media, but the spores formed in culture 
are usually smaller than those from the host plant. The 
following inoculations were made with pure cultures on nutrient 
agar. 

In January 190'J, 8 leaves of growing sugarcane were inocu- 
lated on the upper surface with a susjjension of spores and my- 
celium, a drop of which was placed on each leaf and covered with 
damp, sterile cotton-wool. The leaf was not injured in any way. 
After G day.s, 8 of the inoculations were found to have succeeded, 
a red spot developing at the inoculated point and eventually giv- 
ing rise to a typical infection. The other 5 and the controls 
showed no change. A second scries was made at the same time 
on young healthy shoots brought into the laboratory. On these 
G inoculations were made, S being kept damp witli cotton-wool 
and 3 by covering with bell-jars. The latter showed evident 
signs of infection in 2 day.s, but only I of the former succeeded 
and the spot was not visible until the fourth day. A month 
later 9 more inoculations weie made on healthy shoots kept 
under bell-jars, all of which succeeded. One showed reddening 
in 24 hours, 4 more wei'c visible in days, and all were well 
marked in .) day.s. A little later, 21 more inoculations w'ere made 
in a similar manner to those of the last series. All succeeded 
well. 

The miero.scopic examination of the inoculated leaves showed 
that penetration occurred diiectly into the epidermal cells 
(PI. VI, Pig. 3). The infecting hypha swells up slightly in 
close contact with the cutich* and a narrow tube arises from the 
swollen portion and pierces the wall. As soon as the cell cavity 
is entered, the hypha swells up again and becomes freely septate, 
often forming a small mass of pseudo-parcnchymatous cells. 
Prom this, branches pass to the deeper cells, and others approach 
the surface to form new stromata. The pressure exerted by these 
epidermal stromata is sometinn^s enough to rupture the outer 
wall before reproduction begins. The fructifications are usually 
confined to the quite dead central part of the spot. 
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The species does not seem to agree with any of those pre- 
viously described. About 30 are known on various grasses, but 
none on Saccharum. The diagnosis is as follows ; — 

Helmiiitliosporiurn Sacchari Butl. n. sp. Maculis araphig- 
enis, elongatis, initio rubris, dein avellaneis vel stiamineis ac 
ferrugineo-inarginatis, 3-25 V min; coespitulis minutis, atris ; 
hyphis fertilibus orecti.s, simplicibus, 3-10 — septatis, geniculatis, 
olivaceo-brunneis, apice pallidioribus, 100-190 ■^5 j-7'5m; coni- 
diis acrogenis, cylindiaceis vel oblongo-ellipticis, utrinciue 
rotundatis, 3-10-septatis, crasslssime tunicatis, olivaceo-brunneis, 
35-60 V' 8 m- 12 m. 

In folis lS(icch<irt officiiuiriun in India, or 
A fungus which, from the publislied descriptions, bears a 
considerable resemblance to the above, is known in Java and 
Hawaii under the name of Ceixo!<porii bacchari, Br. de Haan. 
It was Hrst described bj' Breda de llaan in Java,* * * § as the cause 
of a leaf disease to which the name “eye spot” was given. A 
further account was subsequently published by Dickhott and 
Heinj. In Hawaii it has been brietly described by Cobb'J;. 
From the figures published in Wakker and Went’s well-known 
text-book of sugarcane diseases^, it appears probable that this 
fungus is really a llelminlho'^pormni and not a Cercospora, A 
comparison of the two fungi has not been possible and could alone 
settle the que.stion of their identity. 

Little requires to be said regarding the iroatment as, so far, 
this disease has not been found to damage the crop materially. 
If it became severe, it would bo advisable to strip off and destroy 
the affected leaves in the early stages of the attack (we have 
found the first spots in June, at Pusa). There are a good many 

* Bieda de fl.iaii, J. Van. Kootl Uot en aiidere Ziekleii in liet ^uilvciiict. Meded van hcl 
Pioefbtalioii West Ja\a, X\ I, 18112. 

t DickliofT, W (a. S a Aiciidscii Hem Ecni^e W.uiuenjingeii oniticnt de Oogvk kken- 
/.lekte, Aichief Java {Suikeiindiistiie, IX, 11)01, p 8(jr». 

I (V)bb, N A Pungus Maladicb ot the Sugarcane. E.xpcr. Stal of the Hawaiian Sugar 
rinntci'^’ Association, Division ol PaH ology and Idiyszulogy, Bull. No. <>, 1901), p. JtJ. 

§ Wakkei, I. H F A F. 0 Went. De Zicktou van hot Suikciuel op Java, l.eiden. 
Ib98, PI XXI, figs. 1-15. 
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leaf diseases of sugarcane, but the}^ cause little loss as a rule and, 
even in more advanced countries than India, do not seem to 
require treatment. 

PUSA, 

August 5th, 1913. 

Description of Plate VI. 

(Helniinthosporiwa Sacchari ButJ.) 

Fig. 1. Section through loaf of sugivrcano, showing hypluo of l[elmirtthosponu??i 
SnvcJairi in the outer colls. X 

2. Dart of a similar section, to show passage of the hypluo fiuin cell to cell. 
X r)00. 

,, .‘1. Infection of upper surface of leaf, from an inoculation, showing penetration 
of the outer wall of the epidermis and formation of small stroinatic 
masses in the epidermal cells. X 030. 

,, I. Conidiophores with young conidia. X 3.*)0. 

o, Conidia. The three upper immature, the three lower mature. X oOO 

,, 0. (ifermination of the eonidia. X 300. 

,, 1, Reduced eonidiophore and conidium, from a pure milture. X X>{), 

,, 8. Base of eonidiophore, arising from within the epidermis and emerging across 

the cell wall, not through a stoma. X 500. 
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Part II —The Striiotiire of the Mature Haiistoriura and the Inter-relations 

het«o*en Host and PnasitohyC. A. Barber. M.A. , F.L.S. Price, Ks. o. 

{Out of print ) 

Indian Wheat Rusts by K. .J. Butler, M.B., F.L.S., and .J. M. Hayman, 
D v.s. Price, Rs. {Out of print.) 


Funtrus Diseases of Sugarcane in Bengal by E. .1. Butler, m.b., f.l.s. 
]*iice, Rs. .‘1. 

Oossijpium ohtusifolimih Rovburgh, by I. H. Burkill, M.a. Price, Re. 1. 

An Account of the Genus Pi/fhium and some Chyfridiacpai by E. J. BUTLER, 
M.B., F.L.S. Puce, Rs. 4 8. 

Cpphalfjiros oiresceus. KniiiiC ; The Red Rust of I’ea by Harold H. Mann, 
D.sc. ; and C. M. HuTi iiiNSON, B. a. Price. Rs. 4. {Out of print.) 

.Some Diseases ot Cereals eansed by Srlfirospora (framinirola by E. ,J. 
Butler, m.b., r.L.s. Pi ice, Re. 1 s. 

The Indian Cottons by G. A. (Ummtk. f.t.s. Priee, Rs. 7-S. {Out of print.) 

Note on a Toxic Substance excreted by the Roots of Plants by K. 
Fi.et< her, m.a., b.sc. Price, Re. 1-8. 

Studios in Root Parasitism. III. -The H.instorium of Olax srnndpns by 
C. A. Barber, m.a., f.l.s. Puce, Bs. 2 8. 

Studies in Root Parasitism. IV.— The Hanstoiium of U(in.sj#>ro Rhpedii by 
C. A. Barber, m.a., k.i..s. Piice, Rs. 2S. [Out of print.) 

Some Experiments in the Hybridising of Indian Cottons by P. F. Fyson, 
R.A., F.L.S. Price, Re. 1-S. [Onf of print ) 

The Varietal Characters of Indian Wheats by Albert Howard, m.a., 
A R.c.s., K.L.S.; and GABRiErLE L. C. Howard, m.a. Price, Re. 1. 
{Out of print.) 

The Mulberry Disease caused by Corymnm mori, Norn., in Kashmir, with 
Notes on other Mulberry Diseases, by E. .T. BUTLKR, M.B., f.l.s. Price, 
Re. 1-b. (Out of print.) 

The Wilt Disease of Pigoon-l’ea and the Parasitism of Neoroftmospora 
rasinficta. Smith, by E. .1, Butler, m.b., f.l.s. Priee, Ks. ,*>. 

Studies in Indian Tobaccos. No, I,- The Types of Nirotiana rustira^ 
L., Yellow Flo\^ercd Tobacco by Afbert Howard, m \ , a.r.c.s., f.l.s. ; 
and Gahriellr L. C. Howard, m.a. Price, Rs. 4. 

Studies in Indian Tobaccos. No. II.— The Types of Nirotiana tahacum, 
li., by Albert Howard, m a., a.k.(’..s., f.l.s.; and Gabriellk L. C. 
Homahd, m.a. PCkc, Rs. 9. 

Studies in Indian Fibre Plants. No. I.— On two varieties of Sann, 
Cro^rt/«W« jicnrca, L., by Albert Howard, m.a., a.r.i’.s., f.l.s.; ana 
Gabuiei.le L. C. Howard, m.a. Price, Re. 1. 

The Influence of Environment on the Milling and Baking Qualities eff 
Wheat in India. No. I.- The Experiments of 1907-08 and 1908-09. By 
Albert Howard, M.A. , A. R.U.S., F.L.S.; H. M. Leake, m.a., f.l.s.; ancl 
Gabriellk L. C. Howard, m.a. Price, Re. 1-8. 

The Bnd-Rot of Palms in India by E. J. BuTLER, M.B., f.l.s. 
Price, Rs. 2. 


The Economic Significance of Natural Cross-fertilization in India by Albert 
Howard, m.a., a.r.c.s., Gabrielle L. C. Howard, m.a.; and 

Abdur Rahman Khan. Price, Rs. 4-S. 



BOTANICAL SERIES— 

Vol. IV, No. 1. The Millets of the Gonm Setari a in the Bomb.iy Presidency and Sind, by 

a. A. (Iammik, f.l.s. Price, lie. 1. 

Vol IV, No. 1[ Studies in Indian Fibre Plants. No. 2. — On Some New V.arieties of Hibiscus 
rnmiahinus, L., and Hibiscus Sabdariffa, Ij., by Albrkt Howard, 
M. \., A.R.C.S., F.L.S.; and Gabriklle L. C. Howard, m.a. Piioe, lls. 3. 
Vol. IV, No. III. Notes on the Incidence and Effect of Sterility and Cross-fertilization in 
the Indian Cottons, by H. M. Lk\kk, M.a. (Cantab.), f.l.s.; and 
Prasad. Price, He. 1. 

Vol, IV, No. IV. Note on the Inheritance of lied Colour and the regularity of self-fertdiz- 
ation in Corchorns rapsularis, the common Jute Plant, by I. H. 
PuRKiLL, M.A.; and R. S. FINLOW, B.sc., F.o.s. Pi ice. He. 1. 

Vol. IV, No. V. Observations on Certain Extra-Indian Asiatic Cottons, by H. M. Lbakr, 
M.A., F.L.S.; and Ram Prasad, Price, Re. 1 S. 

Vol. IV, No. VI. The Morphology and Parasitism of Jihizortonia, by F. J. F, Shaw, R.sc., 
A.R.r.s., F.L.S. Price, Rs. 2. 

Vol. V, No. T. The Inheritance of some Chaiactcrs in Wheat, I, by A. Howard, M.a., 

v.R.i’s., F.LS. ; and Carkielle L. C. Howard, m.a. Piicc, Re. 1. 

Vol. V, No. 11. Tbe Influence of the Environment on the Millins: and Baking? Qualities 

of Indian Wheats No. ‘J.—The Experiments of 1909-10 and 1910-11, by 
A. Howard, m.a., a.r.o.s., f.l.s. ; H. M. Leake, m.a., f.l.s. ; and 
Cabrielle L. (L Howard, m. \. Price, Re. I. 

Vol. V, No. HI. The Varieties of Soy Beans found in Bengal. Bihar and Orissa and their 
Commercial possibilities, by E. .1. Woodhousf. m.a.; ami C. S. Taylor, 

b. a. Pi ice, Rs. 2. 

Vol- V, No. IV. On Phytophthora parasitica nov spec. Anew Disease of the Castor Oil 

Plant, by J. F Dastur, rsc. Price, Rs. 2. 

Vol. V, No. V. Stmlies in Ppronospnracf(t\ by E. J. Bl'TLEU, M.B , J.L.S. ; and C S 

Kulkarni, l Apr. Price, Rs. 2 

Vol. VI, No. 1. Notes on Pollination and Cioss- Fertilization in the Common Hice 

Plant, ih'yza salim, Linn., by (4. P. He(TOR, m.a., b.sc. Price, He. 1. 
Vol VI, No. II. AScleiotial Disease of Rice, by F. J. F. Sh aw , B.sc. (Lend.), 

F.LS. Flice, Re 1. 

Vol. VI, No. Ilf. Inheiitance of Chaiacters in Airotiana taharum, by (iARRiELLE L. 
Howard, m a. Price, Rs. 3, 

Vol. VI, No. TV, Studie.s in Indian Cottons, Part I— The Ve^jotative Chaiacters by H. M 
Leake, M- v., f.l.s. ; and R\m Prasad. {In the press.) 

Vol, VI, No. V. The Red Rot of Supraicane, by K .T, Butter, mb., f l.s. ; and A. Hafiz 
Khan. Price, Re. I. 

Vol. VI, No. VI. Some New Sujjaroano Diseases, by E. J. Bt’TLRTT, m.h., f.t.s ; and 
A. Hafiz Khan. Price, Rs. 2. 


CHEIVIICAL SERIES. 

Vol. I, No. I. Tlie Composition of Indian Kain and De« , by ,1. Wal’IEK LEAriiER, 
rli.D., F.i.e. Pi ice. Re. 1. 

Vol. I, No. II. The Composition of the Oil Seeds of Imlia, by J. W. IjEatfikk, vb.D., K.i.i . 

Pi ice, Re. 1. {Out of print.) 

Vol. I, No. HI. The Pot-Culture House at tbe Apfi icultnral Reseau h Institute, Puaa, b> 
J. W. Leather, rh.D., f.i.c. Piice, Rs. 3. 

Vol. I, No. IV. Experiments on the Availability of Phosphates and Potash in Soils,by 
,1. W. Leather, pli.D., F.I.C. Piice, Re. 1-S 

Vol. T, No. V. The Consti uction of Drain Canges at Pu^, by M. H. Ahnoti, m.inst.c.k. 

with a Preface by J. W. Leather, rb.n., f.i.c. Piice, Rs. 3 {Out ot 
2 )rint.) 

Vol. I, No. VI, 'J’he Loss of Water from Soil during Dry Weather, by J. Walter 
Leathkr, I’h.D., YAA\ Price, Rs. 2. {Out of print.) 

Vol. I, No. VIT. The System Water, Calcium Carbonate, Carbonic Acid, by J. Walter 
Lkaihek, ph.TL, F.I.C. ; and Jatindra Nath Sen, m.a , f.c.s. 
Price, Re. 1. 

Vol. I, No. VIII, Water Requirements of Crops in India, by J. Walter Leather, rh.D., 
F.I.C. Price, Rs. 3. 

Vol. I, No. IX. The Nature of tbe Colour of Black Cotton Soil, by H. K. Annktt, B.sc 
(Lond.), F.C.S., M.s.K.A.c. Price, Re. 1. 

Vol. I, No. X. Water Requirements of Crops in India— II, by J. Walter Leather, 
rh.D., F.I.C. Price, Rs. 2-8. 



CHBMiCAL SERIES— wmirf. 

Vol II \o I The Composition ot the MilU of some Breeds ot Indian Cows and Buffaloes 

and Its V.DiatioiiH, Part 1. by A. A. MKddITT, B.sc. (Lond.), ; 

ainl H. H. Mann, n.sc. Price, Kt*. I S. 

Vol. U, No. II. Uecords of Diainatfe in India, by J. Waltkk Lkathkr, pIi.d., f.I.c. 
Pi ice, He. 1. 

Vol II No III The Jtnh System of Uice Cultivation in Western India, by H. H. Mann, 

n.sc. ; N. V. Jobiii, a.A., n.sc., l.aji:. ; and N. V. Kanitkah, b.A}?. 
Price, Ke. 1. 

Vol II No IN’ ’I’he Com position of the Milk of some Breeds of Indian Cows and liutfaloes 

,uid its Vaiiation.H, Pait IT, by A. A. Meooitt, use. ; and H. H. Mann, 
D.sc. Price, Be. 1-8. 

Vol. II No. V. A contribution to the knowleduo of the Black Cotton Soils of India, by 
VV. H. Hakkison, m.sc. ; and M. R. Ramswamy Sivan, b.a. Price, 
lie. 1. 

\ ol II No VI The Date Snjiar Industry in Bent^al. An investipition into its Chomistry 

and Aiiiicultuie, by H K. ANNETI, B.Sc., f.(‘.s., m.h.e.a.i'., issisted 
by C. K. Lele, t.Aff., and Bhailal M. Awin, b.a Pi ice, Rs. :> 

Vol. III. No. I. Mvapoiation fiom a plain water snrt.ice, by I Walter Lkvthkk, fIi.D., 
F r.i' , K,< .s. Price, Re. 1. 

Vol 111 No II. Studies in the Chemistry and Physiology of the Leaves of the Betel-vine 
IPipt'r /Mle)iindoi the Commercial Bleaching of Betel vine Leave.s, 
by II. H. Mann, n.sc. ; I) L. S vhasrvijuddiie, it.se., L Ag. ; and 
V. C. Patwarduan, it.Ag. Pi ice. Be. 1 S. 

\'ol. Ill, No. Ill The Cases of Svv.imp Bice Soils, by W. H. Hakkison, m .sc , and P. .\. 
,SuiiRvMANlv An Ell, It \. Piice, Be. 1-8. 

Vol HI, No IV L\pouim‘ntal Bn or in Sampling Sng.iicano, by d. W. LEirUKR. v.D., 
idi o , F I < . Pi ice, Ke. 1. 


RNTOMOLOOICAL SERIES. 

Vol. I, No 1. The Bonibay Locust, by H. M. Lkfkoy, m. V., F.K.S., Fzs Price, Rs. 'J S. 
Vol. I, No. IF. 'Idle moie Important Insects ininrious to Indian AgiicuUuie, by H 
M. LicmoY, M A., K.F s., K.z s. (Ont o/ print.) 

Vol. I, No HI. The Indian Surface (Utei pillam of the (ieiui.s Agrolisy by H. M. Lkfkoy, 
M.A., F.ES., F z.s. ; and C. C. CuosH, b.a. Piice, Re. 1-8. {Out of print.) 

Vol. I, No IV Individual and Seasonal Vaiiations in Htlopellis thrivora^ Waterbou.se. 

w itb desei iption of a new species of Helopeltis, by Harolu H. Mann, 
D.sc. Price, Re. 1-X. 

Vol I, No. V The Coccida* .at tacking the Tea Plant in India and Ceylon, by K. K. Ckkkn, 
F.K.s. ; and Haroli) H. Mank, d.sc. Price, Re. I [Out of print.) 

Vol. I, No. VI. 'riie Mii.staid Sawfly, by H. M. Lkkroy. m.a., f.r.s., f z.s. ; and C. V. 
Cnosn,K. V. Price. Re 1. {Out of print.) 

Vol. II, No. I. The Rico Bug, by H. M. Lkfkoy, m.a., f.k.s,, f.z s. Price, Re. I 

Vol. II, No. II. Remarks on I ndi.in Sc.ale Insects (Coccidffi?), by K. K. Okrrn, F.R.S., K z.s. 

Price, Re. 1-8. 

Vol. II, No. HI The Re<l Cotton Bug, by H. M. Lkfkoy, M.a., f.k.s., f.z s. Price, Be. I, 
{Out of P ‘1 int.) 

Vol. II, No. IV The Castor Senii-Looper, by H. M Lefkoy, m.a., F.k.s., f.Z.S. Price, Rs. ‘J. 
Vol. IT. No. V. The Tobacco Caterpillar, by H. M. Lkfkoy, M. A., f.k.s., f.Z.S. Price, Re 1-S 

Vol. II, No. VI. 'I be Cotton Leaf-Roller, by H. M. Lkfroy, M.a., f.k.s., f.z.s. Price, Re. 1-S. 

{Out of piint.) 

Vol. IT, No. VII. Notes on Indian Scale Insects {CoccUioi), by H. Maxwell-Lkfhov, m.a. 

* F.K.S., F.z s. Pi ice, Re. 1-8. 

Vol. H, No. Vni. Jiife Histoiies of Indian Iii.sects I), by H. Maxwkll-Lekkov, 

M.A., F.K.S., F.z.s. Price, Rs. ‘2. 

Vol. II, No. IX. Li^-Histm ies of Indian Insects— II. Some Aquatic Rhynebota apd 
Loleoptera, by 1). Nowko,iee, b.a. Price, Re. 1-8. 

Vol. II, No. X. Life-Histories of Indian Insects— III, The Rhinoceros Beetle {Orycten rhi 
woc«rojr) and the Red or Palm Weevil (Rhynohophorus ferrugineua). by 
C. C. Ghosh, B.A. Price, Rs. 2. ^ / i# j 

The Food of Birds in India, by C. W. Ma.son, m.s e.a.c. Edited h} 
H. Maxwell-Lefroy, m.a., f.e.s. f.z.s., Price, Hs. 7 8. 
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ENrOMOLOaiCAL 

Kii Silk by H. iM. Lefrov', m.a.. f.e.s., f.z.s., Imperial Kutomolo* 
ijist ; and C. O. Giioan, b.a. Price, lls. 3. 

Tetrigintfi (Aoridinae) in the Atjri. Research Institute, Piisa, Bihar, with 
descriptions of new species by J. L. Hancjock, f.k.s. Price, Re. 1. 

The Bij? Brown Cricket {Brachytrypes achatinus, Stoll), by 0. O. Ghosm, 
B.A. Price, Re. 1. 

Life Histories of iridian Insects (Hymenoptera), by G. R. Dutta, 
B.A. Price, Rs. 2. 

Inquiry into the Insecticidal Action of some Mineral and other Compounds 
on Caterpillars, by H. Maxwf.LL Lkkroy, M.A.. F.E.s., F.z.». ; and R. S. 
Fin LOW, B.SC., F.C.« Price, Re. 1-8. 


BACTERIOLOQICAL SERIES. 

Studies in the Bacterioloijical Analysis of Indian Soils, No. 1. By C. M. 

llUTOllINSON, B.A. Prico, Ks --8. 

Rangpur Tobacco Wilt, by C. M. Hittciiinson, b.a. Price, Rs. ‘2. 


VETERINARY SERIES, 

Anaphylaxis in the lai-fjer animals, by Major J. 13. E. Holmes, n.sc., m.a., 
l.c.v.D. Price, Rs. ‘2. 

Salvarsan in the treatment of Surra in horses, dogs and rabbits, by 
Major .J. 13. E. Holmes, i>..sc., m.a., i.c.v.n. Price, Re. 1-4. 

Some more successful experiments in the treatment of Surra in the camel 
with recornmendatioiH for systematic treatment, by A. S. Lkese, 
M.R.c v.s. Price, Re- 1. 

On the Immuno Bo<lios occurring in anti-rinderpest scrum and on the 
variations occurring in the serum proteins of animals during immuni- 
zation and hyper iramunization by Dr. P. Hartley, d.sc. {In the press.) 

Some cases of Surra treated in the tield ami in the laboratory during the 
autumn of 1911, by Major J. D. K. Holmes, m.a., d.sc., i.c.v.d. 
Price, lie. 1. 


bulletins issued by the agricultural research 

INSTITUTE, PUSA. 

No. 1. Notes on Cotton in Bihar in 1904, by H. M. Lkfroy, m.a., f.k.s., f.z.s.. Imperial 
Entomologist. Price, As. 4 or 6d. 

No. ‘2. An Outbreak of Cotton Pests ill the Punjab, 1905, by H. M. I^efroy, M.A., F.E.a., 
F.Z.S., Imperial Entoniolcgist. Price, As. 4 or 6d. 

No. 3. The Extension of Jute Cultivation in India, by R. S. Fin low, b.sc., f.c.s., Jute 
Specialist to the (Jovernment of Eastern Bengal and Assam. Piice, As. 1‘2 or 
Is, 2d, {Out of print,) 

No. 4. First Report on the Fruit Expeiiraeiits at Piisa, by A. Howard, M.A. (Cantab.), 

A. u.c.s. (Lond.), F.L.S., Imperial Economic Botanist. Price, As. 6 or 6d. 

No. 5. Report on Trials of the South African Locust Fungus in India, by E. J , Butler, 
M.B., F.L.s., Imperial Mycologist; and H. M. Lkfroy, m.a., f.k.s., f.z.s.. Imperial 
Entomologist. Price, As. 2 or 3<f. 

No. 6. The Ticks Infesting Domesticated Animals in India, by C. Wakbukton, m.a., 
Zoologist to the Royal Agricultural Society of England. Price, As. 4 or 6d. 

No. 7. A Preliminary Account of the Biting Flies of India, by H. M. Lefhoy, M.a., F.E.s., 

B. z.s., Imperial Entomologist. Price, Rc. I or l.v, fid. {Out of print.) 

No. 8. Orticial ami Ueeomniende<l Methods for use in Chemical Laboratories of the Depart- 
ment of Agriculture in India, by J. Walter J.EVrilKK, Ph.D., F.I.C., Imperial 
Agricultmal Chemist. Price, As. 4 or Gd. 

No. 9. Report on Cocoaniit Palm Disease in Trnvancore, by E. J. Butler, m.b., 

F.L.H., Imperial Mycologist. Price, As. 6 or 6d. 

No. 10, Treatment and Ghservation of Crop Pests on the Piisa Farm, hy H. M. Lefroy, 

M.A., F.E.S., F.Z.S. , Imperial Entomologist; and C. S. Misra, b.a. Price, As, 6 

No. 11. On* Flax Dodder, by A. Howard, m.a., a.r.u.s., f.l..s., Imperial Economic 

Botanist. Price, As. 4 or 6d. 

No, 12, The Making and Caio of Ijawns in India, by A. Howard,^ m.a,, a.R.c.s,, f.L.r., 
Imperial Economic Botanist. Price, As. 4 or 6i/. {Out of jjrint.) 

No. 13. Sugarcane at the Partabgarh Experiment Station, by G. Clarke, F.i.o., Agriculturil 
Chemist, United Provinces ; and Khan Bahadur S. M. Hadi, m.r.a.c., m.r.a.s., 
Assistant Director of Agriculture, United Provinces. Price, As. 6 or bd. 



BULLETINS ISSUED BY THE AURICULTURAL KESEAKCh 
INSTITUTE. PVSA—(contd.) 

No. 14. The Milling and Baking Qualities of Indian Wheats, by A. Howard, m.a., 
A.R.C.S., F.L.s. ; and Gabkiellb L. C. Howard, m.a. Price, As. 4 or 6rf. 

No. 15. Note on the Extension of Cultivation of Fibre Plants in India. Price, As 6 or Sd, 

No. 16 Second Report on the Fruit Experiments at Piisa, by A. Howard, m.a. (Cantab.), 
A.R.c.S. (Lend.), F.L.S., Imperial Economic Botanist. Price, As. 6 or Sd, 

No. 17. The Milling and Baking Qualities of Indian Wheats, No. 2, by A. Howard, m.a. 

(Cantab.), a.r.c.H. (Loud.), F.L.s., Imperial Economic Botanist; and Gabrikllk 
L, C. Howard, M.A. , Associate and late Fellow of Newnliam College, Cambridge: ^ 
Price, As. 6 or Sd. 

No. 18. Report on the Outbreak of Blister-Blight on Tea in the Darjeeling District ly 
1908-09, by W. McRae, m.a., b.sc. Price, Re. 1 or D. 6d. 

No. 19. List of Names used ill India for Common Insects, compiled in the Laboratory of the 
Imperial Entomologi.st, Pn.sa. Price, As. 12 or D. 2d. 

No. 20. Memorandum on Indian Wheat for the British Market, by Sir James Wilson, K.i’.s.i. 
Price, A.s. 4 or 6d. 

No. 21. Memorandum regal ding Leading Kiicalypts suitable for India, by F\ Booth Tdckkk, 
(yommissionor. Salvation Army, Simla. J’rice, As. *4 or 
No. 22. The Milling and Baking Qualities of Indian Wheats, No. Ji, “ Some Now Pusa Hybrid.s 
tested in 1910, ” by A. Howard, .m a ((\intab ), a.k.c.s. (Loud.), F.L s.. Imperial 
Economic Botanist ; and Gabkiklle L. C. Howard, m.a., Associate anti late 
Fellow of Newnham College, Cambridge (Persenil Assistant to the Imperial 
Economic Botanist). Price. A.s. 7 or tSd. 

No. 2S. Insecticides —Mixtures and Recipes for use against Insects in.the Field, the Oichaisl, 
the Carden and the House hy H. M. IjKFKov, At. a., f.e.s., f.z.s.. Imperial 
Fintomologist. Second Fdition, Reviscil an<l Enlaigecl hy T. lUlMiRTooE Fleti hek. 
Offg. Imperial Entomologist Price, As. 12 or U*. 2d. 

No. 24. The Indian Saltpetre Industry, 1 ’ .1, W. IjEM'IIER, I’h.l*., Imperial Agri 

cultural (^heraist ; and .7. N. MliKER.ii, R.A.. R.sc., .Secoml Assistant to the 
Impel iai Agricultural ('hemiat. Pi ire. As, S or 9d. 

No. 25, Report on the Flax Experiments conducted at Dooriah in 1910-1911, by F. M Vajsi i 
KKHKIIOVE. Flax Expert to the Bihar Planteis’ Assoeiation. Price, As. 6 or Id. 

No. 26. Note on the Present Position of Cotton Investigation in Tmlia, by Bernard 
Coventry, Otfg. Insjiector-tieneral of Agriculture in India. Pi ice. As. 2 or ‘id. 

No. 27. Experiments on the Cultivation of Sugarcane at the }*artahgarh F\periment;il 
Station, 1909-11, by C. Clarke, F.i.i . ; H. E. Annett, r.sc. ; and Sykd Z\aii> » 
Hus.sain, r.a. Priee, As. .5 or (W * 

No. 28. The (hiltiviition of Lac in the Plains ot India. By C. S. IMfska, R. A., First A-sst to the . 

Imperial Entomologist. Pi ice, As. S or 9d. , 

No. 29. Diroction.s for the CultiAation of Eri Silk- Priee, As. o or -If/ 

No. 30. Repoit on the Flax FiXperiments at Dooriah during the yo n* 1911-12, hy E M. . 

A NDEKKHKHOVF, Fl.ax Expert to tht' lUliar Pl.intei s’’ Association. Price, As. 1 (5 
or 2d 

No. 31. Wheat Experiments on the Botanical Area, (kawnpur, and their bearing on Wheat 
(''ultivation in tbh United Piovinces. By H. M. Ckake, m.a., Economic 
llotanist to the (iovernment of the l’’^nited Provinces, and Ramdiiasad, Assistant 
to the FiConomic Botanist. I’rice, As. 3 or 4d. 
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onOliANCHE AS A PARASITE IN BIHAR. 


ItY 

V. T. V. SHAW, D, Sc. (Louil.), A.H.C.S., PL.S.. 

Second Impel ltd Mi/rolof/ixt. 

(Ueri'ived lor publication on ‘iNt Maich, li)l7.) 

r. sYSTi^MATrr. 

In viowof llip fad that “ tokras are so widosproad in Biliar, and oernr 
on so many didVivnl liosts, the prvsiMit rpsoaroh was rommencod to invostij^atp 
1 liP hiolof^y id thosi* ])arasi((‘s and in tlio liopo of dispovprinjt wlipflior any 
nipthod could l)o dcviscil to li'ssdi the damage which they cause. 

As is w<‘ll known (ho parasitic s])ecios id Orobanrhv, known locally as 
‘Aokras," arc small yellow jilants from 3-12 inches high with bluish flowers. 
Tlie stems an' thick and succulent and the leaves are reduced to small scales, 
as is usual in jilauts of tin’s habit. A very brief experience of this ])arasite 
in Hie field is sullicient to convince one that there are at least two species, 
which are common in Bihar. fTooker^ describes eleven s])ecies in India, (d 
which the gi’i'atei* number occur in tlie Himalaya and only three a]p)ear to 
be common in the plains: these are 0. iitdlni Ham., 0. cennut Loeffl.. and 
0. Nirofianir Wight, tin* last named is stated to be a common and destructive 
pest of tobacco in the Deccan, while 0. Itidica is said to be especially common 
in mustard throughout the jilains id India. PraiiH mentions two species, 
0. indira Ham. and 0. ceniua Ladll., as being present in Bihar : he states that 
0. cerni((i is rare, and occurs on Bnfssicas, and that 0. wdiva is the common 
pest^ of mustard, tobacco, Bmmeas^ etc. The presence of two bracteoles to 
each flower, and the fact that in 0. indica the flowers are larger and not so 
closely i‘ro\\ded together as in O. cci'nuay are the distinguishing characters 
between the two species (Plate I, figs. 1 and 2 : Plate ff, lig. 3.). 

The results of the observations recorded in the present pajR'r dili'er 
somewhat from the facts given hy Prain, ami coincide more nearly \Nith 

^ Jlookor, Flora of Hntis/i India, X'ol. I\'. ISS.'). 

Praia, Bengal Planist 1003. 
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the statements of Hooker. The two species of Orobanche in Bihar are as 
follows : — 

(1) 0, indicaUdiiu Flowers with two briicieoles, calyx four— rarely five- 
1 oothed, divided to the base posteriorly, entire anteriorly, spikes loose floweivd, 
corolla large, blue, stem often branched. This form belongs to the section of 
the genus named Triomfchon Wallr. and is probably identical with 0. wgypiam 
Pers. {vide Beck von Maimagetta^), and very closely related to, if not identical 
with, 0. ramosa L.^ ; this latter name is given by Massee^ as that of a species^ 
which is parasitic upon tomato in England. In Bihar 0, indica is the form 
w'hich is the common and destructive parasite of mustard, cabbages, turnips, 
etc. It occurs on tobacco and tomato but does not appear to be, as a general 
rule, as serious a parasite of solanaceous crops as is 0. emma. 

(2) 0. cernua LoefH. Bracteoles iiot present, calyx divided to the base 
])osteriorly and anteriorly, lobes ol th calyx bifid, s])ikes dense, corolla smaller 
and paler in colour than in O. indica^ stem usually unbranched and thicker 
than in 0. indica, frequently showing fasciation. This species belongs to the 
section Osproleon Wallr, of the genus Orobanche, and is stated by Bock von 
Mannagetta to be identical with 0. Nicotumcp Wight. Hooker, however, 
distinguishes between these two sjiecies and states that 0. Nicotianw differs 
from 0. cernna in the fact that the bract in the former is as long os the corolla 
tube and the lobes of the calyx are entire, and not divided. Prain mak(‘s no 
mention of the species O.Nicoliance, which, according to Hooker, is restiicted to 
the Deccan, and we have not seen any undoubted specimens aUhoiigh some 
specimens of 0. cernua have closely approached to it w^hen the lob(‘s of th(‘ 
calyx were only slightly divided and the bract was rather larger than usual. 

The species 0. cernua is the common parasite of solanaceous crops in 
Bihar but does not appear to attack Cniciferce {cf. Prain), only in foui* 
specimens w-ere plants of 0. cernua found on mustard. The parasitism of this 
species is therefore more restricted than is that of 0. indica, w^hich, while being 
a seiious parasite on Cruciferce, does occui* to a certain extent on Solanacea\ 
The life-histories of the tAvo species appear to be identical, the “ tokras ” 
appearing a few weeks after the host crop is well established and rising to flower 
and fruit along with it. On mustard 0. indica is sometimes a good deal earlier 
than on other crops, flowering from the begininng of Deceniber to the beginning ' 
of February, while 0. cernua on tobacco is distinctly later, but there is a godd 

1 Beck von lUannauetta, (i U . •* Monographic d(‘i g.ittung Orolmnclic,” Bibhoth Botan 
Heft. 19. (Vessel, 1800 

2 Hooker, p. 320 lor of, page 107. 

3 MasM‘c, O . of CnlfunUtl Plfmln and Trees, 1910 
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deal of variation in tliis matter from one season to another. Both species rely 
on the production of countless millions of minute seeds for tlieir dissemination 
and perennation. These seeds are })resent all over the cultivated lands of 
’Bihar, their number and minute size beinf; extremely favourabh* to their 
dispersal in the strong winds whicli often prevail in Febriiaiy and Marcli vlieu 
the fruits of Orohanche are ripe. 

The universal distribution of tliis parasite and the severity of the dama»(‘ 
caused to a valuable crop, such as tobacco, make any practical renuMlial 
measures an important factor in Bihar af^riculture. The field (‘xpeiiments 
described in tins paper w(mv devised with a view to testint,^ wlu;t]i(*r tln‘ claim, 
^^hi(;h had recently been advamied, that Chili saltpetre (sodium nitrate) v\ as a 
specitic against “ tokras ” was founded upon fact. 

TI. FIELD EXPEiU^iIENTS. 

(1) PusA —Season 1914-15. 


A pi(‘ce of land in the kitchen i^arden which had been under vegetables 
(cabbage, canlittowm*, ))otatoes) for some years, and was known to be badly 

N 


A 

Sodmfn nil rate lOlhs. 

1 

6 



C 


D 

Socluurhfutrate 8 lbs. 
Superphosphate 5 Lbs. 


9 

E 


F 

S lip cf'plwsphcdeS lbs 




Text-figure 1. 









ilO 


OAVi// IA7 7//'; As A 1‘AHAsITi: BIHAR 


iiifeclcd w itli ‘Molvias.” was foi (‘X]a‘rituonta] w’ork. 1 his area was 

divided u}> into six i‘(jiial plots (A, Ik (\ D, Ik h')' about *'Hd 

clnniiical niaiuiK*.'^ W(‘T(‘ appliid as iiulicati'd on iho phni ( Loxt-liirun' 1). 

Oji Mio (itli Odobor. Ibl 1, IlnMnannn* w'as s])i(‘ad cwcndv on the surlace 
(»l t I h‘ j‘(nl «i lul mixed with 1 he “-oil w it h a khiiipi, a liuthl b(*am liariow wastlnm 
Mill ovi r the snilae('. dhjbaeeo (A waUtuKt h(h((r }n}f) wa^’ planted out' in all tlie 
pl(»ts dm ini' tlu‘ follow in, if b)iini^lp. 

In sj)it(» of the fact tliat tin* land was known to be badly infeeted with 
“tokra,” a fair (*io]) ol <(d)a<'(*o was obtained and them w'eri' viny f<wv 
“ lokras." Both (>. In^hfa i\\u\ (). crnnnt oeenned, but Oi(‘ir ineidenee did not 
appear to be in anv wavatVectfMl l)y the a])]>lieat ion of tin' inanun's. Tin' 
t('tal number of toknis' in tin' tobacco w'as alioiit twa'ntv, allhonifh in the 
[irevioiis year when tin* land was under cablaiees tln'V w'eri' to b»' count ('d by 
the thonsand. The tokras" wliich occniied on the cabbage s w ( n', of course, 
O. i)i(lic((, tln'Munmon “iokra" ot ///v/ss?cov, and the explanation of tiu' 
relative immunitv of the tobacco, dnriin4 this tlrst sc'ason, seenn'd to betliat 
this S])ecies was not a si'iiinis parasite ol tobacco. This coincidi'd with oliserv- 
ations in tin' l'(‘lds round Ihisa wlnni' althom^h 0. n nnitt iisnally jiri'vailed on 
t he tobacco, a cel tain amount of (>. nidinf could in'arly always be found. 

(2) PrsA Srasox Jblo-H). 

The same land was])laced uinlei to])acco. mustard and cal)ba"(' as indi- 
cated in the Text-li<jfure 2. (Se(‘ ]), 111 ) 

(u) Tohdcco. ^riiet wo noithei n plots (A .ind B) w(*ie ])lant(‘d with tobacco 
(N , t<ih((ca)n) \ each })lot contaiinsl bs rows wilh HJ plants in I'acli row\ Of 
the twR) ])lots under toliacco the one on tin' w('st(*rn side (A) w^as manured 
wnth sodium nitratt'. Instead, how'evi'i, of mixhie the nitrate with the soil 
before ])]antin^ out, tin' manuie w’as disscilved in w^ater aiid eivc'u to I'ach ])hint 
in solution. Eacdi tobacco ])lant received i oz. of sodium nitrate, ^ivi'n in 
three doses at inb'i’vals ol / days, diiiimj; tin' lat(*i ])()rti()n of NoA'ember ; in 
all about 18 1)>. of sodium niti.itc' was distrilmted amoucj 288 tobacco ])lauts 
in an area ol j\,th acre This w'oiks out at a rale of ahout 3 cwt. pi'r acre. 
The first tokra a])peaied iu (he uumauured j)lot in Deeember, but by the 
middle of .Ianuar\ jilauls were a])])eaiiuo \\\ botli ])^ols. The tobacco w^as 
cut oil March Bhli nnl the amount ol tokra ” eouuted with the followdnj^ 
results 

Nnmhcr of Xmnhor (.f Number of 
tol)H(o |i), lilts f), tUf/im (). ff'rtUKt 

‘ Manured (A) .. 288 70 185 

Uumaimred (Bj .. 288 2 1,15G 
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These figures bring out several facts : — • 

(1) The total amount of ‘‘tokra” in the second year was very much 

gL’eatcr than in the first, the increase being particularly marke<l in 
0. ccniua^ which constituted t)l per cent, of the total munbcr of 
‘‘tokras” present. 

(2) The bulk of the (). indicn. ^^as e>onconliated in the manured plot and 

the bulk of the 0. ccnnid in the unmaniired plot ; in the latter case 
the bulk of tjie 0. cennfd was oji Ihe easl<‘rn ‘‘dge. 

(3) The total amount of O. indira was very much less than was known 

to ])e in the soil ])ut showed a substantial increas(' o!> the amount 
]M’(‘sent in the previous y(‘ars. 

(1) The amount ot ‘Hokra” iiithe manured plot was only about one-fifth 
of that in the uumanured plot. 


N. 



A 

Sod iu rn nitrate t8 lbs. 


s. 

B 





1 

C 


D 

S od iimirdtratc 10 Lbs . 






E 


F 


Sodium^nUrateWlbs. 


9 


Text-ligure 2. 


With regard to the increase in the t(/tal amount of “ tokia,” tins increase 
is really larger than a])])ears from the figures siue,e Ihe area under tob.iceo in 
the second year was only one-third of that under tobacco in the tirst year, the 
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remainiiifij plots bcin^ used for iniistard and cabbage. Tliis increase, (consisting 
as it does principally of 0. cemna is to be attributed to the seeds Iroru last 
year’s ‘‘tokras,” which fell into the sod as the fruits ripened and germnialed 
next season with the seccond crop. 

Although it was evident, from aji inspection of the nuiiibers of “tokras” 
in the mughbouriug plots of mustard and cabbage, that large ([uantities of the 
seed of 0. ivdint were iji tlu^ soil yet i\\ proportion vany few plants of 0, indica 
ocjcurred in the toba(cco. This bears out the (conclusioji of the ])revious season 
that this species is not normally a lunivy parasite of tobacco. Yet a field of 
tobacco w'as found near Pusa iji w'hichthe cro}) Iiad been very severely damaged 
by 0. indiai -there being hardly any 0. crnnia pivsent. These facts must be 
considered later when d(‘sciibing tJie resuhs of tbe [)ot (cultures. 

The fa(jt that tlie ])ulk ot the O, cer}nf(f was in one corner of the unmanur(*d 
plo(, and the bulk of the (). indica was ^caittcuvd over tlie iiiaiuired jdot, cannot 
l)ut suggest tliat the d(‘gi('(‘ of local infee.lion in a partieadar field is a v(‘iv 
pot(‘nt factor in the number and distribution of tin* "tokra^” wdii(ch a])])ear 
and that tlie diiferenees b(‘tw’e(Mi tin* tw'o plots in tliis i‘xp(*rinient might be* dm* 
to soim* factor other than tJuj appli(‘ation of nitrate. 

(h) Mastifrd {Brassica campcMris var. (jlanca). Of tin* tw'() plots undei 
mustard that on On* (*ast (Plot D), ree(‘ived 10 lb. of sodium nitratt* S(ait.tei(*d 
on tin* siirfaci* and mix(*d with tin* soil imm(*(iiat(*ly l)(‘fore sow'ing. The 
gormijiation was good and tin* e.rop came into tlow(*r on 2lth November, 
l,lie first, “t/oki'a’' showing abovt* tin* surfaci* about tin* same* time in both 
the manured and On* iiniuaumvd plot. Prom On* (*nd of Novemlx*!* onwards 
t here w'as a steady apj)earau(H‘ of “ 1 okra,” all of wlfuHi was (). indica. On 
Pebruary Pith tin* mustard was cut and tin* luunlx*!' of mustard plants and 
“tokras” iji each plot was counted, tin* results w(*re as follows: 

NiiiiiImw (*1 ()1,1/U^ NijmiIxm l)f (). Utfhffl 

Manured (0) .. 1,940 2,012 

Unmamired ((') .. 3,070 

The w'eiglit ot tin* I'lUstaid cut Irom each plot aiuouuted to about Hi 
maunds. From the above ligurcn it cannot be contended that the sodium 
nitrate hail any v(‘rv iiiarktal (‘fleet on On* app(*aran(;e ( f the “tokras,” while 
Ok* number of “tokias’ w hich came u]) showed that their iiou-a|)poarai)C(‘ 
in the ])re\ i()us • easou, wlien the plots wa*re under tobacco, was not dm* 
to lack of infiM^tion in tin* ^oil but latlu*!* to lack ot a suitable host. 

(c) Cahha()c (Brassica incracca). Cabbage seedlings wa*re planted out 
in two of the plots towards the end of Novemb(*r. There w^ere 200 seedlings 
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in each plot aiul ()i>o plot (E) reoeivtMl J8| lb. of sodiiiin nitrate. The 
nitrate was given to the plants in solution, each plant receiving about 
oz., in three doses at intervals of six days. The cabbages grew well 
and there was a steady appearance of “tokra.” In March the crop was 
counted and the figures were - 

Nuniljrr of Num))or of O. indita 

Manured (E) .. 202 3,371 

Unnianured (K) .. 200 3,323 

Sodium nitrate did not have anv eflect on the “ tokra.” 

The following Text -figure 3 is a diagrammatic summary of the second 
year’s experiments : - 

N 


A 

Tobacco 288. 


B 

1 ^ 

O-iruUca. 70. 


Tobacco 288 . 


O.cernuM/lSS . 
Soduinvnitrate 18 lbs 


0 indica Z . 
0 rernua 1158, 

1 I 


c 


D 

Mustard/ 1634. 


Mustard 1949 

0. indica 3070 


0 incLwa ZOlZ . 



Soduunnitraie lOlbs. 


E 


F 

Cabbage 20Z- 



0. indica 3374- . 


Cabbage ZOO . 

Sodiioji nitraie I81bs. 


0 indica 33Z3. 


Text-figure 3. 


(3) PusA— Season 1916-17. 

The same plots uere placed under tobacco, mustard and cabbage as in 
the previous season. 

(u) Tobacco, Of the two tobacco plots, that which had not received any 
nitrate in the pievious season, 1915-16 (Plot B), had contained the larger 
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quantity of 0, cernna ajul the hulk of thifc> had been coocejitiated in a '’trij) 
aloji*^ llio oabtcrn edj^e of the j)Iot. J i April 1010. about 1 oz. of seed of 
0. cctHHu was collected from this plot and scattered along the northern side of 
the other plot, for about one-thiid ol the breadth of the phd, a light beam was 
then run over the plot. In September, 1910, both ])lols\Nere planted out \\ith 
tobacco ; there ere 18io\\s\\ith 10» plants in each row, making a total of 
288 plants in each plot . Instead of maniumg the whole of one ])lot, the eastern 
half of the ^^esteln plot (A) an<l the noithein hall of the eastern plot (B) 
received sodium nitrate. Tin* nitiate was given in s«)liition in three dos(‘s, a,>, 
in the previous year, and eaeli plant manured received a total of 1 oz. of 
nitrate. Thus in each manured aiea \) lb. ol sodium nitiate was distributed 
among 111 tobacco plants. The scheme ol the experimeiu in 1910-17 is 
bhowm in Text-figure 1. 




N. 

Irvfected wi/hseed of- 
0 cerr\u€dApriUdl6. 



*<5 
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of tins plot, was distinctly greener and larger than in the remaining portion. 
Thip difference was not observed in the western t-obaoco plot (A), which had 
been manured in the two previous seasons. 

The tobacco was cut and the ‘‘tokras” counted on 2nd March with the 


following results : - 

Eastern ]iLot (B), 



Xiimhrrof N»mh(*rnf 

planl« O. ivdirn 

Number of 
O. rrrtina 

Maimred 

144 .5 

2,192 

Cl) maim red 

lO 0 

4,6Jr) 


ircs/ecM pht (A). 


Manured 

144 1 

1,715 

Un manured 

144 4 

2,991 


It was if)teresting to observe that in the eastern plot (B), in both manured 
; nd iinmaiMjred areas, tlie ‘‘tokra^^ was most plentiful in the eastern half, in 
which it had been the more abundant hi the ])revious season. In the western 
))lot it was most abundant in tlie northern ]iortion of the plot which ha(] been 
infected with seed of 0, cernaa in tlie jnevious A])ril. Tlie amount of 0. indicn 
in both plots was cousideialdy less tlian in the previous season a fact wliich 
m\\ be found to apply to all the experiments in 1916-17. The amount of 
0, cer}i((a, however, in cadi plot was ver}’ greatly inCH'ascd. Tims last year 
plot (A) had only 185 0. cernua but this year it had 4,709. The significance of 
these results in relation to the application of the nitrate will bo considered, in 
conjunction wdtli the results of other experiments, later. 

(h) Mustard. The two plots (C and D) were sown with mustard on October 
1 Itli and 20 lb. of sodium nitrate was scattered on the wtvterii plot ((^) on 
October 30th, when the young plants wtiv up. TJie crop grew well but in 
Ijolh plots the ‘-(okra” seemed to be later and less than in the ])revious 
sea-on. The ciop was cut on Febniary 3rd and the figuies were: - 



Woight of 
mustard 

Number of mustard 
plants 

X urn 1 ) 01 ' of 
O. infl\rn 

Manured (C) 

lOJ md''. 

3,753 

1,402 

Unmanured (D) 

n „ 

4,109 

732 


Tliese figures show^ that the amount of 0. indicn in both plots was vrrv 
much less in 1916-17 than in the previous season. No reason eau 1 m‘ given for 
this. Comparing the two plots with one another in each season it is seen 
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IK) 

that the \V(‘steTn plot (C) always had the most tokra ” iirespective of whether 
it liad received sodium nitrate cjr not. (). ceniua ^^as not present. 

(c) Cahhdije, The same two j)lotfci (E and E). as in the season 1915-10 were 
planted out with eal)l)a^es. Eadi plot ecntained 196 cabbage seedlings and 
each seedling in tlie Avest(‘rn ])lot (E) leceived I oz. of sodium Jiitiate applied 
m solution in thiee doses. Ihe “1 okras” were counted on 28th February 
and the figures were - 

\iini)n‘i ot NinnbcrofO indiat 

Manured (E) . . 196 592 

Unmanuied(F) .. 196 642 

0. ccnnta was not juesent at all. Tliese results agree with those of the 
previous season m llie lact that the ({uantily of Mokra ” in tlie manured 
])lot (E) was substantially the same as in tJie unmaniired plot (F)- although 
tlie same ])lot had lecanved the nitrate^ in two successive years. The most 
stiiking (liffoieuc(‘ Is in the actual amount of 0. indlva jiresent in the second 
season I’elati ve t o w liat w as ])iesent in the liisi , a (‘omparison sliowhng a reduction 
from about 5,000 to 600 m both plots. This peculiaiity has alieady been 
mentiom‘<l m th(‘ case of t-he tobacco and mustaid at Fusa and a])])ears also 
in that CIO]) at Kiiowln'. It is impoitant to notice that the decH-ase aihcts 
e(|uall\ maiiuied and uninanuied plots and is entiielv independent of the 
a])])li(;at ion of sodnim nit i ate 

Tobacco New Plot. During the season 1915-K), a ])lo1 (about one-t WTiitieth 
acre) of tomatoes m tije kitclien gaiden was noticed to be suffering severely 
from botJi O. caona and (). ualica. This plot was jiloughed and haiiowa'd in 
May lOHiandaftei cultivation was plaiitcil out VMth toliacco in Octohei. The 
tobacco was planted in 8 tows ot 30 plants in each low, tin lines seh‘cted being 
those in wliicli the tomatoes had stood dining the pievious season, the (ori(‘ct 
position having been maiked beioie taking uj) the tomatoes. The jilot was 
then divided into foui eipial aieas (X, Y, Z, A), and sodium nitiate at 
the rate of 1 r/. pei ])]ant was apjilied in solution to the south-eastern 

(X) and north-west(‘rn (juirteis (Y) ot the |)l()t (Text-figure 5. p. 117). 

‘‘ Tokia ’ ajJiieand eaily 111 Jhcuiibei and lame up in large numbers 
until the cro]) was cut on 1st Maich. The amounts ol '*tokia” present 
were as follows : — 

Nunibei ot Nunitier of O tenma 

Inbacco plant ■> 


Manured areas . 
Unmamu'ed areas 


f.()- (10 
(iO— 60 


2.099 (X)- r).n(i6 (Y) 
7.9r)f) (Z)— 2,685 (V) 
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The distri])nti(Hi thohc luimbers of ''lokras” is shown on the plan 
(Text-figure 5), and it is at oneo (dear tliat tlie western half of the field contain- 
ed the larger number of '' tokras ’’ irrespecti\c of any ap])lication of the jutrate. 
It is most interesting to observe that 0. indica did not come up on the loba(‘c<^ 
althougli in th(* previous season it liad becji pr(*sent oji tlie tomatoes in iliis 
field in relatively laig(‘ Jiumbeis. 




z 

Tobdcco 60 

0.cerniwy7956 

Y 

Tobficco 60 

O.cernun 5566 

Sod. nitrate 60 ox. 

X 

V 

Tobiicto 60 


O.cerriucL ZS99 

Tobacco 60 

SodniirtUe 60 oz. 

0. cerniuL>Z685 


Text-figure 6. 

(1) Biuowlik SkasOxV 1915-16. 

# 

During March 1915 a field of to))ace(; at Birowlie Indigo Factory was vei v 
badly infected with “tokra ’’ of which the vast majority were 0. rernua iiml a 
few 0. indica. A portion of this field was, thendore, selected for experimental 
work during the cold weather of 1915-16. The experimental area was about 
one-fifth acre and was divided up into four plots (S, M, O, P) ; two plots 
were sown \\ith mustard and two were planted with tobacco at the rate of 
288 tobacco plants to each plot. One plot each of tobacco (S) and mustaid (M) 
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received 20 lb. of Hodiiim nitrate h])read and mixed with tlie soil about two 
weeks liefore souin^ (Text-fi"ure 0). 


1 


Tohac<i> 

Mustard 

P 

0 

S 

M 

Nit raff 

Nitrate 


Text-figure 6. 


Mf/s/ff/fi, Tin* ciof) «re\v well and ' loki.i” appealed in both ]>lots eaily 
in l)(‘cembei ; it vas enfjielv O. hnhva. Tln*n‘ was no appreeialde difi’ei(‘nce 
in file amount of t(>kni’' lelathe to the mnstaid between the manured and 
the uumanurerl plot. As 0. rernffd had been veiv (jomnion m this land in the 
)>ast season, vhen it vas under lobaeeo, the jiiedommanee of 0. indica wln‘n 
mustard was grown tuini,hed a good illiistiation of the diilerences in then’ 
jiarasitism. Jii four plants howexer. O. tvinna was found attaeJied to the 
roots of mustard indie atmg further possibilities in the parasitism of this 


species. The actual liguies 

w eie : — 

Nuinlu'i ot 

Xuinln i of 

Nunil)0! ol 


plants 

(K initiift 

(t. antmt 

Manured (M) 

],i5r) 

‘2,21)1 

4 

Unmanurod (O) 

2,jG3 

3.797 

0 
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' Tlie (.lo]»mlations of sonio fetuiy calllo wero responsi])lo for llio ])aH(*ity 
of mustard in tho manured plot. 

Tobacco. The tobaeeo (To]] ^rew well at iuht but ‘‘ iokra “ a])])ear(‘d (‘arlv 
in December and cnmtinued to come u]) in ever inereasint; numbers eausi] 
lar«e eracks to appear all round the tobaeeo plants. Whether from the loss ot 
moisture through these eiacks or from tlie actual paTar»itic elTeet of the 
‘ tokra/' tlie tobaeeo had a wilted a])pearanee, this condition was most 
nolieeable in the afternoon. In Feliniarv the wlioh* field was full ol tokra,’* 
a (‘(utain amount of O. iadica beini' mingled with (K ccnnia (Pjatt* II, fiii. 1 
Plate IIT, til’s, band b). On the 2()th Ftdnuaiy the eiop had a veny poor 
a])])earanee and was out. The lollowin*? fi.Qures ^dve the actual amounts ol 
t he two sjiecies of Orobanclic in eonqiaiison with t]u‘ tobaeci) : 

XiuhImm of Xinn))(‘i‘ ot Xiiinhiot 

toh.H CO |)l,oil , () rfnntd () imhui 

Manured (S) .. 287 10, .*>71 1,999 

Unmanured (!') .. 288 9,970 1.700 

These figures are most onijdiatieaDy against the claim tliat sodium nitrate 
niav 1)0 used as a prev(‘ntive against “tokra." In comparison with tli(‘ figures 
for the mustard ])lots, tliose for tlie tobacco shoAV the extent to which the 
bpecie.s w'liicli is the chief parasite of one croji can infect the other crojn 

(5) P>iROWLiK — S kasox 1910-17. 

The same field was jilaeed under mustard and tobacco as in the previous 
season (Text-lii^ure 0). 

MuhIoxL Sodium nitrate (20 lb.) was scattered u})on the southern 
mustard plot (M) almut two weeks after sowiii". The crop baidy and. 
as at Piisa, “tokra” waas later in a])])rarinj» and hss in am(>Vint than ie. (he 
previous season. The crop was cut on Felnuary 18th. 



ol 

Xiiiii))cr of ])lantN 

Xunilici ot 


iniistanl 

of niii^taid 

() tftihid 


Mds. Srs. 

f 


Manured (jM) 

. . 3 ti 

3.145 

087 

Unmanured (0) 

2 28 

2.816 

1.101 


There was no 0. cermm in the mustard. These figuies show that in 19P)-17 
the total amount of 0 . indica in both ])lots w^as yery much less tliaii in the 
previous season ; this fact has already been notieed in the case ol the Ihisa 
experiment. No explanation can be given as to why the season 1910-17 
appears to have been less lavoiirable to 0. indica. 
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The distribution of the “tokra ” in the manured and unmaiuired plots 
was the same as in last yeav ; the souilu'rn (inaimied) plot (M) liad the 
smaller amount of “tokra.” 

Tobacco. Tobacco was planted out in the two plots next t.o the mustard 
as in the previous season, the number of plants in each plot being increased 
in iyH!-17 from 288 to :542. The nitrate was applied to the same plot as in 
the season 1915-lC but was given in solution at the rate of 1 oz. to each ])lant. 
'I'he total quantity of nitrate used thus came to about 22 lb. 

“ Tokra” appeared at the end of November and continued to come up 


until tlie cioi) wascut on 2<3th February, by 

diich date tlic tobacco was in a 

\eiy bad condition. 

The actual amountb 

ol “tokra” 

pichcnt were as 

Jollows 

t)f 

tnh.u'co plants 

Nuniltor ot 
() cfiinta 

Xuinhor o j 
() indna 

Manured (vS) 

:k2 

17,291 

142 

Unmanured (V) 

:U2 

1 1,822 

981 


In comparison with the juevioiis season tlje total amoniil ot O aniha 
shows an increase in both |dots, the higer (juantily beiiiLq as m the pieviotis 
season, in the manured plot , the ineiease, however, is proportionately greatei 
in tlie unmanured plot. The amount ol (). iiidna jnesent shows the dicrease 
which has aheady been mentioned as occuiimg in all the exjaniments m tin 
season 1916-17. 

in. POT CULTURK, 1910- 17. 

'I’he fact that the tobacco giown at Pusa m .i held which was known to bt> 
ndeetcd with seed of 0. indico sulTeied fiom •' tokra " only verv slightly in the 
first year, and in the second year contained fai le^s 0. nidita than the adjoining 
plots of mustard and cabbage, m eoniunetion with the lact that one field ol 
Kdiacco outside Pusa was toiiiid to be practically destroyed by this sjiecies, 
suggested that the morphological species <). ioduo ])ossibly contained two 
laces dilleiing in their parasilii- priqierties 

With a view to testing the jiaiasitisiuol O. and O. iiidtca on dilferent 

hosts, with gieatei accuiacy than was iiossible within the limits ol a licid 
(‘xperiment, a series of pot cultuies was made at Pusa tluiiiig the cold vveatliei 
ot 1916-17. Soil loi the pots was obtained iioiii land which had been lying 
fallow for a large number ot years, and whwh was not known to have ever 
been under a cuqi liable to the attack of Ombanche. There was therefore a 
strong ])robability that such soil w'ould not contain any seed of Orobanche and 
moreover a number of the pots, filled with a mixture of leaf -mould and this 
soil, were sterilized in the steam sterilizer in order to kill any chance seeds 
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wlncb might be present* As, however, the conditions necessary for the germi- 
nation of the seed of parasites such as Oiobanelia are known to be delicate, 
it was not consideied advisable to sterilize all tlie pots. Ij) all 92 pots were 
used of which 36 wore planted with tobacco, 2t with mustard, 16 with turnij) 
(Brassica campestri'^ var./vi/iu) and 16 with cabbage. These ]jots weie 
then infected with seed of 0. cvnunt ami O. indira which liad l)e(‘u 
collected in the season 1015-16. In the i-ase of O. tr/nfta the seed used had 
been collected from three dislimd socrces — from plants which were ])arasitic 
on tobacco, from plants wliieh were parasitic; upon tomato and from 
])lants wliicli were iiarasific u])on brinjal (Sol((}}iun Mf'hmfjcna Linn.) in 
the case of 0. indira tlie seed used was obtaincMl from lour sources, 
namely, from ])lants ])arasitic respectively ujum cabbage, mustard* turnip, 
and tobacco. Feu* coiwenience in this acccuiut the* ]'articular kind of seed 
of Orohanche is indicated by the addition of the name of tlie host plant. 
Ircjin w’liich it was colleeted, aftcu* tlic^ speeifie i\ame ; thus seed O. indica 
cabbage means seed of 0. bu//r*cif colleeted from plants ])arasitie u])()u (;abbage. 
fu this way it was hoped to observe wlietlier the influence of the juevious liost 
had any effi^ct upon tl e ])arasitism of the seed of cuther 0. cernaa or 0. indaut. 
The number of j)ots sterilized W'as 16, and 16 pcOs ic^eeived each 1 oz. of 
sodium nitral(‘ wdieii the host plants were well established. Tliese details are 
apparent in the list ol the pots (i)age 123) and in the ]dan of the experiment. 
(Text-fignie 7.) 

Seed 0, ceny^ia tobacco was infected upon (our pots eacli of tobacco, mustard, 
cabbage, and turnip. Tins was done by scattering a (quantity of the seed on 
the surface of the soil and mixing lightly witli a small slick. In th<‘ case ol 
lobacco aJid cal)bage the host plant liad been jdanted iir the pot some days 
previously ; in the mustard and turnip pots the sc'ed of the ]>arasite was sown 
mingled wutli that of iJje host. Half of the pots had received 1 oz. eacli <d 
sodium nitrate. After about six W'eeks (from November 8th to loth) ]ilauis 
of 0. e^rmia appeared in three of the tobacco pots and con^idc'rably 
later (2nd January) also in the fourth pot of tobacco. Those pots wliich had 
received nitrate were indistinguishable, except in»regard to the devekipnieut 
of the host, from the others. plants of O.cernua appeared in the pots of 
mustard, cabbage, or turnip. Late in January, when the |)ots lad been 
standing in the open for four montlis, akwv plants of 0. iadica a])peared in one 
pot of cabbage and three pots of turnip. The time at w'hich they appeared, 
coupled with the fact that they w^^re not of the species of Orobanche used in the 
infection, indicates that their origin is to be attributed to chance infection 
by air-borne see<l iifter the experimejit >vas staiterL 
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Sood (). cern^m hfinjal was iiilVd.od ujkmj pots (/!’ tobacco, four of 

whi(;1i n‘({fiv(‘<l 1 oz. eactli of sodium iiitiaf.r. In the first six wocdvs “ tokra ” 
caiiK* u|) ill all tlio uoii-uitrat(‘ pots and in two of tlio nitrate pot^. In ffie 
two remaining nitrate ]iots it did not ap|)(‘ar until aftiu* t li(‘ la])se oi three 
months. S(‘ed 0. (rnifui lawnto infeoted iijion tohacc'o behaved in mu<'h Ilw‘ 
^ume mannei, hut in ou<‘ l»ot, wliich had Teiauved sialiiim nil rat e, “ tokia ” 
did not app(‘ar. 

Seed O. uufira rahhaf/r was infected npo)i four pots eaidi A toljaciro, 
mustard, cabbaj^e. ami turnip: half (d' the jots had leecived 1 oz. eae-h o( 
sodium nitiate. No “ tokra '* at all appeanal upon tin* t»)bac(o : ‘Mokra’’ 
{(). i n(l viwuo \\\) in all the ])ots of mustnnl and tuini]) andint\\oof 
the pots of eabba^i'. It did not a]i])ear in tlie two eal)ba,i<e pids wdiiifii 
had reec'ivcd nitiate, and in the mustard and tnrni]) nitiate jxds it was 
distinctly latei in ajijieai in*' 1 han i.-, the non-nitiate jiots. Sei d (). Indira 
narshad b(‘1iaV(Ml in (‘xaetly t.he saim‘ way as tin' s(‘ed (K iiala-tt nddxffir w Inm 
infee.t(‘d ujion t(d>a(‘eo, mustard, calibaoin and tnrni]). Ihne, a.Ljaii), " ( )kra " 
was much later in appealing in the nilrati' jots and in om* nitiat(‘ ])ot of 
ealibage (lid lU/t. come up at all. S(‘(m! O. indira lin'hip gave tl (' saim* 
ivsult, coming up on (Uiistard, cabbage and timiip but not a])p('ariiLg in 
the tobacco pots. “ Tokra ” was again lat(^ in the nitrat(‘ ])ots and did 
not a])p(\ir at all in the cabbage ])ots which had nit.rate. 

ft has b(‘(‘n mentioned ])re\l(»usly in tliis acc<ninl that 0. indica is some- 
times found ]iarasitic upon tobacco. Scaal of 0. Indira from this source was 
accordingly list'd t.o infect (‘ight jjotsof mustard and four ])ots of toliaceo. In 
the eight ])ots of mustard ‘tokra''only a])])eared in two jiots and in each 
of these ])nts there was oidy om* “tokia" and that a \^'ry small and weak 
s])eeimeu of (). ntdaa. In all tlie t(»bacco ])ols “(okra ' a])]M‘ared ^^nv 
abundantly ; it was a])preciably later in those ]iols whleli had ie( (*ived nitrate 
but still (‘ac.h ol the four p(»is had al)oul 50 “Mokras. ' In e\eiy ('as(‘ tliis 
“tokra”wasfb //^d/wandwas mor]>liologicaJIy irnlistiuguishabh^ from tlie 
“tokra’' which hed apjieared in the mustard, cabbagin and turnip ])ots 
w’lnm thesis weie ii.leeted W’itli s(‘ed of (). indira from eabbag(\ mustard, and 
turnip hosts. ^ (*1 tli(‘se lattei varieties of i). hahra seed lailed to give' 
any ''tokras wljei iiifee,ted upon tob.meo. Tt apjieais tli(‘refore that 
set‘d of O. ind)f<i colled ed from mustanl, caldiage, and turnij) liosts will 
iniect tlicse hosts and will not infeet toliacco, while seed of 0, hid lea 
collected from tobacco host will infect tobacco and will hardly infect 
mustard at all. 
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The facts established by these pot cultures therefore appear to be as 
follows : — 

(1) Seed 0. cernua tobacco is strongly parasitic upon tobacco, does not 
infect mustard, cabbage, and turnip, and its incidence upon 
• tobacco is not influenced by applications of sodium nitrate, 

(2') Seed O. renma brinjal and 0. cerniia tomato is stronglv parasitic u]um 
tobacco and is slightly influenced by nitrate. 

(3) St‘ed 0. indica mnstard, 0. indtea cabbage, and 0. i}fdica faraiif do not 
ii]fcct tobacco but come up ecpxally on the other tliree hosts ; 
apjdications of nitrate delay the appearance of the * tokra.*’ 

(f) Seed 0. indjccf tobacco comes up strongly upon tobacco but very 
slightly upoji mustard; nitrate has th(‘ same effect as upon the 
other varieties of seed of O. indica. 

The most interesting point brought out by these rt'sults is that the 
morphological species 0. indica appears tt) consist of two raotss. One race is 
strongly parasitic upon Ctucifero) and does not attack to))acco (N, tnhacum) 
and blie other race attacks tobacco and does not attack (^ritcifcirr. fn tl'o field 
experiments in 1016-17 it has already been mentioned lliat a cro]) of tobaccio, 
gro\Vn in a field which in the previous season had been nr,d('r tomato and which 
then contained plenty of 0. cernva and 0. indica, did not contain a single ])lant 
of 0. indica, although 0. ccryma was ahumlant. This suggests the possibility of 
further speeialisation in the parasitism of 0. indica. The details of the ])ot cul- 
ture experiment are shown in the following list and in the plan (Tcxt-lignre 7). 
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PH 

A 

Q 

7! 

o : c/ 


1 

Tobacco 

0. r p r n u (t 

!« 

8th Nov. 

(). cernna ! 

1 17 

> -pot stonli/( (1. 


27th Sept. 

tobacco 



# j 



3rd Oct. 



i 

1 


1 

2 

do. 

do. 


2rid Jan. 

do I 

1.3 

1 

3 

do. 

do. 

N 

16th Nov. 

dn ' 

21 

\:=:|o/. niticito lm\ on 

4 

do. 

do. 

N 

do. 

do. 

1 20 

1 

5 

do. 

0. indica 

s 

none 

1 nono 

nono 




cabbage 



1 


i 



3rd Oct. 






6 

do. 

do. 


do. 

1 <io 

i do. 


7 

do. 

do. 

N 

do. 

do. 

do. 1 

1 

8 

do. 

do. 

N 

do. 

do. 

do. 
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Remarks 


T () b a c c o 
27 til iSopt 


do. 

do. 

do. 

iM u s i a V d 
14lli Oct. 


do. 

do. 

do. 

C a b b a 
23rd Oct. 


(}. i n (( i <‘ ft 
ni n s f fttfl 
3rd Oct. 
do. 
do. 
do. 

(). l tl fl l C ft 
I n r n i p 
3id Oct. 

<lo. 

do. 

do. 

(> r ( r H u ft 
I ft h ft r r ft 
141 li Oct. 
do. 
do. 

<lo. 

O. t n fl f r ft 
c a h b ft q 0 
Hlh Oct. 
do. 
do. 
do. 

(> i II fl i r ft 
III Ksfaril 

llthOct I 

do I 

do. 

do. 

I). i tl fl i c a 
turnip 
14lh Oct. 
do. 
do, 
do. 

O. r e r nv tt 
t oh ft c r 0 
I 23 rd Oct. 

I do. 


do 

do. 

O. i ndic a 
c abba q e 
23rd Oc t. 

do. 

do. I 
do. 

0. i nd i ca 
mustard 
23r(10ct, 


do. 

do. 

do. 

3(Mh Nov. 


.. 1 2th Dec. 

N bth Jan. 
N 20th Dec. 
S 2(jt.h Nov. 


do 

j do. 

I do. 

I (), itfflicft 


do. 

«lo. 

6th Dec. 


9th Dec. 
none 
do. 

6th Doc. 


none S=pot sterilized. 


do. 

do. N = 1 oz. nitrate given. 

do. 

do. 


2nd lU'c. 

do. 

51 

6th Jan. 

do. 

ll 

19th Dee. 

do. 

21 

2nd Dec. 

do. 

10 

6th Dec. 

do 

85 

2nd Jan. 

do. 

112 

do. 

do. 

47 

none 

none 

none 

do. 

do. 

do. 


do. 

do. 

0, indica 


do. 

none 

do. 

0. indica 


One plant of 0. indica^ 
result of chance in- 
fection, appeared on 
12th January. 
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Ph 

42 

Cabbage 

0. i n d ic a 


23rd Oct. 

m u a t a r d 
23rd Oct. 

43 

do. 

do. 

44 

do. 

do. 

45 

do. 

0. i n d i c a 
turnip 
23rd Oct. 

46 

do. 

do. 

47 

do. 

do. 

48 

do. 

do. 

49 

r u r 11 1 p 

(). ce r n u a 


23rd ( )ct. 

tobacco 
23rd Oct. 

50 

do. 

do. 

51 

do. 

do. 

52 

do. 

do. 

53 

do. 

(). i nd i c a 
cabbage 
23rd Oct. 

54 

do. 

do. 

55 

do. 

do. 

66 

do. 

do. 

67 

do. 

0. indica 
mustard 
23rd Oct. 

58 

do. 

do. 

59 

do. 

do. 

60 

do. 

do. 

61 

do. 

0. i n die a 
turnip 
23rd Oct. 

62 

do. 

do. 

63 

do. 

do. 

64 

do. 

do. 

65 

T o b a e c o 

0. c er n u a 


27th Sept. 

brinjal 
3rd Oct. 

66 

do. 

do. 

67 

do. 

do. 

68 

do. 

do. 

69 

do. 

do. 

70 

do. 

do. 

71 

do. 

do. 

72 

do. 

do. 

73 

do. 

0,cer nua 
tomato 
3rd Oct. 

74 

do. 

do. 

75 

do. 

do. 


Sterilization and 

nitrate 

Date of first appear- 
ance of “ tokra ’* 


6th Dee. 

N 

1 7th Jan. 

N 

none 

S 

13th Dec. 


9th Doc. 

N 

none 

N 

do. 

s 

do 


do. 

N 

do. 

N 

do. 

S 

6th Dee. 


19th Dec. 

N 

2nd Jan. 

1 N 

1 4th Dec. 

1 S 

1 

6th Dec. 


6th Dec. 

N 

1 9th Jan, 

1 N 

do. 

S 

1 

I4th Dec. 

1 

6th Dec. 

N 

30th Jan. 

N 

loth Jan. 

S 

20th Nov. 


15th Nov. 


do. 


20th Nov. 

N 

8th Nov. 

N 

do. 

N 

loth Jan. 

N 

do. 

S 

1st Doc. 


20th Nov. 


do. 


Species of “ tokra 

lotal number ol 
“ tokra.« which 
came up 

O. indica 

28 

do. 

19 

none 

none 

0. indica 

49 

do. 

48 

noiu* 

none 

do 

do. 

do. 

do 

do. ' 

do. 

do. 

do. 

do. 

do 

(>. indica 

13 

do. 

39 

do. ! 

13 

do. 

56 

do. 

28 

do. 

26 

do. 

21 

do. 

19 

do. 

29 

do. 

16 

do. 

20 

do. 

65 

(>, ctrnua 

34 

do. r 

72 

do. 

78 

do. 

42 

do. 

29 

do. 

61 

do. 

41 

do. 

42 

do. 

87 

do. 

53 

do. 

32 


Remark^ 


N= 1 oz, nitrate given. 
S = pot sterilized. 


A lew plants ot 

O. indica appeared 
in these puts 
towards end ot 

.lanuary — the result 
of chance infection 
by air- borne seed. 



126 


OROBANCHB As A PAHASltfe IN BIHAR 



SH 

o 

o 

1 'S 

1 

1 


Vt 

eg ^ 

® 7- 

1 

r of 
which 


o 

PU 

^ p 

§ ^ 

$ 

« 

CO 

«3 


" s 

o 

1 


o 

o 

e 

p 

O 

§ 2 
efl ’rj 

•S ^ 
c 

ll) 

ate of firs 
ance of “ 

pecies of 

otal nu] 
“ tokras ’ 
came up 
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X 

X 
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xn 
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70 

T 0 b a c c o 

1 

(). ce t n u a 


Oth Dec. 

0. cernua 

40 



27th Sept 

t o in a t 0 
:ird Oft 






77 

do 

do 

N 

none 

none 

none 

N = 1 oz. nitrate given. 

78 

dt). 1 

do. 

N 

19th Jan. 

0. cernua 

58 

79 

do. 1 

do. 

N 

20th Dec. 

do. 

3(5 


8U 

do. 1 

do. 

N 

do. 

do. 

46 


81 

.M ii y t a r <1 ' 

() 1 n <1 1 c a 

S 

none 

none 

none 

S— pot sterilized. 


14th Oct 

tuba (' c o 
Uth Oct 






82 

do 

do 


do. 

do. 

do. 


8:i 

do 

do 


do. 

do. 

do. 


8-1 

do 

do. 


1 1th Dee. 

O. indua 

1 

I'lobably result ot 



do 





chance infection by 
air* borne seed. 

87) 

d ). 

N 

none 

none 

none 


80 

do 

do. 

N 

do. 

do. 

do. 


87 

do 

do. 

X 

do. 

do. 

do. 


88 

do 

do. 

N 

I2t.h Jan. 

0. indica 

1 

Ditto 

89 

T o b <i c f o 

i 11 d t < a 

S 

12th Doc. 

do. 

60 

(^ee Plate 1, fig 2.) 


:kd Oft. 

t o h ll L c o 

:hd Oft 






90 

d<) 

d.. 

1 


do 

j do 

46 

( hie plant ot 0 



1 

i 





cernua — the result 
of air* borne infection 
— the remainder all 

91 

do 

do 1 

N 

2nd Jan. 

do. 

32 

0. indica. 

92 

do 

do. 

N 

lOth Jan. 

do. 

30 



IV. CONCLUSIONS. 

Considering the question whether applications ol sodium nitrate can be 
advocated as a preventive for “tokras” the results of the experiments 
described in this paper cannot be said to support that view. 

In the case of cabbage the field experiments at Pusa did not show any 
diminution in the amount of 0. indim in the plot which had the nitrate, 
relative to that which had not received any nitrate. With mustard, both 
at Pusa and at Lirowlie, it was found that the plot which had the larger 
number of “ tokras ” (0. indica) in one season was that which had the larger 
number in the previous season and that the application of sodium nitrate did 
not alter these proportions. It is of course not contended that the 
application of sodium nitrate is without benefit to the mustard but simply 
that it is not a specific against the “tokra ” which is parasitic upon mustard 
and cabbage. 
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In the case of the tobacco the results of the field experiments were not so 
obvious. At Birowlie in two successive seasons the larger quantity of 0. cernua 
appeared in one particular plot, although this plot received a heavy appli- 
cation of sodium nitrate in each season. This suggested that the incidence of 
“tokra” in a field was dependent upon factors, other than the application of 
nitrate, such as the amount of “ tokra ’’ seed present and the resulting degree 
of infection of the soil. The results of the experiments in the “ new plot ’’ 
at Pusa in 1916-17 confirm this view. A reference to Text-figure Swill 
show that in this plot the 0, ccrnua occurred chiefly in the western half 
of the field and was not materially influenced by the nitrate. The two 
original tobacco plots, A and B, gave results which superficially did not 
agree with this. In these plots the amount of 0. cernua was less in the 
areas which had received the nitrate. This was most marked in the case of 
the plot B which had not had any manure in the two previous seasons, and 
received an application of nitrate upon half its area for the first time in the 
season 1916-17. In this plot the unmanured area contained about 30 plants 
of 0. cernua to every tobacco plant and the manured area contained about 15 
plants of 0. cernua to each tobacco plant. But a proportion of 15 “tokras” 
to eacli tobacco plant in the manured area appears, in the writer's opinion, 
too large to justify the claim of any curative properties against “tokra'' 
for nitrate of soda. Moreover it must be pointed out that in the two plots 
A and B in the season 1916-17, the amounts of “ tokra " in the two unmannred 
areas differed from one another nearly as much as when the comparison was 
made between one of the areas which had received nitrate and one which 
had not received any (nee page 115). If applications of sodium nitrate 
were likely to prove a preventive against “ tohra " a result would surely 
have appeared in the pot cultuies, where the application of 1 oz. to each 
pot was at the rate of several tons to the acre. In this case, however, 
0. cernua on tobacco was almost quite uninfluenced by the nitrate and 
the most favourable result obtained with other crops was a delay in the 
appearance of the “ tokra." 

9 

Chili saltpetre therefore can hardly be advocated as a cure for “tokra." 
In a valuable crop, such as tobacco, and in a district where labour is as cheap 
as it is in Bihar, much may be done to keep these pests down by hand-w^eeding, 
the “ tokras " being uprooted before they have formed mature seed which could 
infect the soil for the succeeding crop. With a crop such as mustard it might 
be possible to cultivate early varieties, which ripen before the “tokra " has 
matured its seed, and by ploughing immediately after harvesting to bury the 
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tokra ” before its seed has ripened. In this connection it may be mentioned 
that the practice of taking a second cut from the tobacco is a bad one ; the 
longer the tobacco is kept in the soil the more '' tokras ’’ come up and the 
more seed is matured to infect the soil for the next crop.^ 

It is evident that the parasitism of 0. wdica is much more complicated than 
that of 0. cernua. 0, cernna is practically restricted to solaijaceous crops ; in 
all the thousands of tokra ” counted only four specimens of 0. cernua were 
found upon mustard. 0. m^imhas, however, a much wider range of hosts as 
is evident from a glance at the list (page 130). Field observations suggested, 
and pot culture experiments have shown, that in O.indicaih^Te are at least 
two races, one of which is parasitic upon tobacco and does not attack 
mustard, while the other is parasitic upon mustard, turnip, and cabbage and 
does not attack tobacco. It has been proved by other investigators^ that 
the seed of some phanerogamic parasites (e.g. Orobcmche, Tozzia) will not 
germinate except in the presence of the appropriate host. If the conditions 
for the germination of the seed of such parasites are so delicately adjusted 
to their environment it is not surprising to find that in a morphological 
species such as 0. indica, differences in parasitic quality may exist without 
accompanying morphological distinctions. 

In this connection the scarcity of 0. indica in the second season indicates 
that the slight climatic differences between two successive cold seasons may 
have a powerful influence in determining the amount of this parasite, and 
Beck von Mannagetta considers that some species, notably 0. cetnua, have 
shown marked morphological variations in their spread to regions of different 
climates. 

Plants such as Orobancle have always attracted a good deal of attention 
from botanists. One of the earliest works on this genus appears to be that of 
Vaucher®, who gives a list of parasitic species and their hosts and made some 
observations on the germination of 0. ramosa upon Cannabis saliva. This was 
probably one of the first attemjds to grow Orobanche in cultures. The biology 
and anatomy of the genus was very extensively studied by Kcch^, the 
later monograph of Beck von Mannagetta^ being rather from a systematic 

^ Howard, A. and (.}. L (\, “ Tobacco cultivation in Uiliar.’’ Agri. Res. Institute, 
Pusa, Bull., No. CU, 1915. 

2 Heinricher, K, Die Aufzuilit uml lultur der Paras it ischen Samenpfianzen. Jena, 1910. 

3 Vaucher, J. 1\, Monograph if des Owhanches. Parifi, 1827. 

^ Koch, L., Die Entwicklungsgeschichte der Orobanchen, Heidelberg, 1887. 

® Mannagetta, Beck von., loc cit , page 108. 
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standpoint, and received a good deal of attention from Chatin.^ The work 
of Fraysse^ deals with the biology of some phanerogamic para hit es, but species 
of Orobanche were not among the number investigated. 

Throughout this paper the names of 0. indica Ilani. and 0, cernua 
have been used in the sense in which they are used by Hooker. Beck von 
Mannagetta states that 0. indica Ham. is synonymous with 0. oigi/pfiaca Pers, 
and gives this species and the nearly related O. Muleli Schltz. as being parasitic 
upon species of Brassica, and 0. Muteli Schltz. and 0. ramosa L., another 
related species of the section Trionychon, together ^^ith 0. ccniua Loeffl. are 
said to be parasitic upon Nicotiema tahaennu It appears therefore that Beck 
von Mannagetta’s observations of the parasitism of Orobanche on Bra.^sica 
and Nicotiana agree with the facts recorded by Hooker and described in this 
paper. In a more recent communication^ the species of Orobanche which 
are parasitic upon tobacco are given as follow^s : — 

0. ramosa L. 

0. Muteli Schltz. 

0. cernua Loeffl. and 0. cumana Walk,, a hu))sptcios of 0. cernua, 

0. ludoviciana Nutt. 

The first two species occur also on hemp, tomato, and Bfossica and the 
last species is restricted to North America, 

Koch states that heav)' applications of manure lessen the incidence of 
0, ramosa upon tobacco for a time but that ultimately the crop becomes 
diseased and succeeding crops show on the whole a more severe infection. 
More recently Peters and Schwartz^ conducted experiments with a variety 
of chemical substances (copper sulphate, sodium chloride, etc.) without 
obtaining results which enabled them to recommend applications of these 
substances against Orobanche in tobacco. 

' Chatin, A , Anatomie comparec deb vegetaux planks parasiks. Pans, 1802. 

* Frnysso, A. Contribution a la hiologie des planks Phnneioganus paiasiks, lUont- 
pollier, 1906. 

3 Peters, L. and Schwaitz, M., “ Krankheitcn und Beachadignngen des Tabaka ” Mitt. 
Kaia. Biol. Anatalt f. Land u. ForstwirtsrJiaft Heft 13, Beilin, 1912. 

^ Peters and Schwartz, loc nt. 
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{Studies in Indian Fibre Plants, No. 2.— On Some New Varieties of Hibiscus 
cannabinus, L., and Hibiscus Sabdarijfa, L., by Albert Howard, 

M. A., a.r.c.s., f.l. 8.; and Gabrielle L. C. Howard, m.a. Price, Rs. 3. 

Notes on the Incidence and Effect of Sterility and of Cross-fertilization in 
the Indian Cotton.s, by H. Martin Leake, m.a.; and Ram Prasad. 
Price, R. 1. 

1912 

The Inheritance of Red Colour and the Regularity of Self-feitili- 
zation in Corchorus capsularis, Linn., the common .Jute Plant, by R. S, 
Finlow, b.sc. ; and I. H. Burkill, m.a. Price, H. 1. 

Observations on Certain Extra-Indi.in Asiatic Cottons, by H. Martin 
Leake, m.a., f.l.s.; and Ram Prasad. Price, R. 1-8 

The Morphology and Parasitism of Rhizoctonia, hy F. J. F. Shaw, b.sc., 
A.R.C.S., P.L.8. Price, Rs. 2. 

On the Inheritance of some Characters in Wheat— I, by Albert Howard, 
M.A., A.R.C.S., F.L.S. ; and Gabrielle L. C. Howard, m.a. Price. R. 1. 
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1913 

Vol. V, No. II. The Influence of the Environment on the Millinfr and TIakinp: Qualities 
of Wheat in India, No. 2.— The Experiments of 1909-10 and 1910-11, by 
Albert Howard, m.a., a.r.c.s., f.l.s. ; H. Martin Leake, m.a., 
F.L.s. ; and Gabrielle L. C. Howard, m.a. Price, R. 1. 

Vol. V, No. III. The Varieties of Soy Beans found in Bengal, Bihar and OrissA ;and their 
Commercial Possibilities, by E. J. WooDHODSE, M.A. ; and C. Somers 
Taylor, b.a. Price, Rs. 2. 

Vol. V, No. IV. i)\\ Phytophthora parasitica^ nov. spec. A new Disease of the Castor Oil 
Plant, by J. F. Dastur, b.sc. Price, Rs. 2. 

Vol. V, No. V. Studios in Peronosporacece^ by E. J. Butler, m.b., f.l.s. ; and O S. 
Kulkarni, L.Ag. Price, Rs. 2. 

Vol. VI, No. I. Notes on Pollination and Cross-fertilization in the Cotnmon Rice 

Plant, Oryza salim, Linn., by G. P. Hector, m.a., b.hc. Price, K. 1. 

Vol. VI, No. II. A Sclerotial Disease of Rice, by F. J. F. Shaw, b.sc., a.RC.s., f.l.s. 

Price, R. 1. 

Vol. VI, No. III. Studies in Indian Tobaccos, No. — The Inheiitance of Charactei.s in 
Nicotiana iabantniy L., by Garrielle L C. Howard, m.a. Price, Rs. 

Vol. VI, No. IV. Studie.s in Indian Cottons, Part I. —The Vegetative Chai actors, by 
H. Martin Leake, m.a., f.l.s. ; and Ram Prasad (lOU). Price, Rs. :i-S. 

Vol. VI, No. V. Red Rot of Sugarcane, by E. J. Butlfr, mb., f.l.s.; and Abdul 

H afiz Khan Price, R. 1. 

Vol. VI, No. VI. Some New Sugarcane Diseases, by K. J. Rutlek, m.b., f.l.s, and 
Abdul Hafiz Khan. Price, Rs. 2. 

Vol. VI, No. VII. A Preliminary Notoon the Classification ot Rice in the Contial PioMiices, 
by R. J. 1>, Graham, m.a., b.sc. Price, U I S. 


1914 

Vol. VI, No. VI II. The Influence of the Environment on the Milling and Baking Qualities 
of Wheat in India, No. .^.--Tlio Kxpeiimcnts of 1011-12, by Albert 
Howard, (M.e., m.a. ; H. Martin Leake, m.a. ; and (iAHRiELT.F 
L. C. Howard, m.a. Price, R. 1 or \s. flfi. 


1915 

Vol. VII, No. I. Studios in Indian Sugarcanos, No. 1, Punjab Cane‘<, by (\ A. Babbeb, sc.d. 
Price, lls. S or r^s, Gd. 

Vol. VII, No. II. The Distinguishing Chaiacters of Sugaicanes cultivated at Saboiir, by 
K. ,T. WooDiiousK, M.A. ; and S. K. Basu, m a.; with a Note on the 
( hemical Characters by C. Somers Taylor, b.a. Price, R. 1-S or 2s. 6d 

Vol- VII, No. III. Tlio Potato Blight in India, by J. F. Dastur, b.sc Price, R. 1 or l.y. 6d. 

Vol. VII, No. IV. The Genu^ Bhizoctonia in India, by F. J. F. Shaw, b.sc. ; and S. L. 
Ajrekar, b.a., Dip, Agr. (Cantab.) Price, IL 1 or U. Gd. 

Vol. VII, No \ . Experiments on the Physiology ot Indigo-yielding Glucosides, by F R. 
Parnell, b.a. Price, R. 1 or Is. 6d. 

Vol. VII, No. VI. Some Varieties of Indian Oram {Giuir arietinum, L.), by Albert Howard, 
(’.I.E., M.A. ; Gabrielle L. C. Howard, m.a.; and Abdur Rahman 
Khan. Price, R. I or 1#. 6d. 

\ ol. VIT, No. \ II. Studies in Indian Oil-Seeds. No, 1, Sattlower and Mustard, by Albert 
Howard, u.i.e., m.a. ; Gabrielle L. C. Howard, m.a ; and Abdur 
Rahman Khan. Price. R. 1-8 or 2s. 6d. 

Vol. VII, No. \ III. On the Inheritance of some Characters in Wheat—II, by Albert Howard, 
m.a. ; and Gabrielle L. C. Howard, m.a. Price, R. 1 8 or 2s. 6d. 
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1916 

Vol. VIII, No. I. The Wheats of Baluchistan, Khoiasaii and the KuiTam Valley, by 
Gabkibllg L. C. Howard, m.a. Price, U, M2 or 2s. 6(#. 

Vol. VIII, No. II. Observations on the Inheritance of Anthocyan Pigment in Paddy Vai ieties, 
by G. P. Hector, m.a , b.8c. Price, K. 1 or Is. 6^. 

Vol. VIII, No. III. Studies in Indian Su^arcanes, No. 2, Sugarcane Seedlings, including 
some correlations between Morphological Characters and Sucrose in 
the Juice, by C. A. Baurek, sc.D. Price, Us. 3 or Ly. Sd. 

Vol. V'lII, No. IV. Pollination and Cross-fei tilimtioii in the Jaar plant, by R. J. G. 
Graham, m.a., B.sc. Price, R. 1 or Is. Hd. 

Vol. VIII, No. V. Phylojjhthora on Hevm hraffUiensis, by J. F. Dastuk, b.sc. Pi ice, 
As. 12 or Is. 

Vol. VIII, No. VI. Phytophthora on VUica rosea, by J. F. Dvstuh, b.sc. Price, As. 8 or 9d. 

1917 

Vol. IX, No. I. Di^Heniination of Parasitii* Fungi and International Legislation, by 
E. J. Butler, m.b., k.l.h. Price, R. 14 or 2s. 

Vol. IX, No. II. The Inheritance of Characters in Rice -I, by F. R. Parnell, b.a., Ag. 

Dip. ; G. N. Ranoaswami Ayyanuak. b.\, and K. Ramia, L. .Ag. 
{In the pi ess.) 

Vol. IX, No. III. Orobanvhe as a Parasite in Bihar, by F. J. F. Shaw, d.sc., a.r.c.s., v l .•>. 
Price, K. 1 or Is. 6d. 
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1900 

Vol. I, No. I. The Conipo.Mition of Indian Rain and Dew, by VYalikk LK.4L'HEHy 
Ph.D., F.1.0. Price, R. 1. 


1907 

Vol. I, No. II. The Composition of the Oil-Seeds of India, by J. Walter Lb.ATHkk, ph.n., 
K.i.u. Price, R. 1. (Out of print.) 

Vol. I, No. HI. The Pot-Cultiire House at the Agricultural Research Institute, Pusa, by 
J. Walter Leather, rb.D., f.i.u. Price, Rs. 

Vol. 1, No. IV. Experiments on the Availability of Phosphates and Potash in Soils, by 
J. Walter Leather, pIi.d., f.i.c. Price, K. 1-8. 

Vol. 1, No V. The Construction of Drain Gauges at Pusa, by M. H. Arnott, .M.inst.u.E., 
with a Preface by J. Walter Leather, ph.D., k.i.u. Price, Rs. 
(Out of print.) 

1908 

Vol. I, No. VI. The Loss of Water from Soil during Diy Weather, by J. Walter 
Leather, ph.D., f.i.c. Price, Rs. 2, (Out of print.) 


1909 

Vol. I, No. VII. The System Water, Calcium Carbonate, Carbonic Acid, by J. Walter 
Leather, Ph.i>. f.i.c. ; and Jatindra Nath Sen, m.a. Price, R. 1. 

1910 

Vol. 1. No. VIII. Water Kequiiements of Crops in India— Part I, by J. Walter 
Leather, pIi.d., f.i.c. Price, Rs. 3. 

Vol. 1. No. IX. The Nature of the Colour of Black Cotton Soil, by H. E. An nett, b.sc. 
Price, R. 1. 


1911 

Vol. I, No. X. Water Requirements of Crops in India— Part II, by J. Walter Leather, 
* Ph.D., F.I.C. Price, Rs. 2-8. 

Vol. II, No. I. The Composition of the Milk of some Breeds of Indian Cows and Buffaloe.s 
and its VariationSi Part I. The Milk of some Breeds of Indian Cows, by 
A. A. Mkogitt, B.sc. ; and Harold H. Mann, d.sc. Price, R. 1-8. 
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1912 


Records of Drainage in India, by J. Walter Leather, Eh.n., K.i.t. 
Price, R. 1. 

The Rab System of Rice Cultivation in Western India, by Harold H. 
Mann, d.sc. ; N. V. Joshi, b.a., b.sc., L.Ag. ; and N. V. Kanitkar, 


B.Ag. Price, U.l. 

The Composition of the Milk of some Breeds of Indian Cows and Buffaloes 
an<l its Variations, Part If. The Milk of some Breeds of Indian Buffaloes, 
by A. A. Meooitt, b.sc. ; and Harold H. Mann, d.sc. Price, R. 1-8. 

A Contribution to the Knowledge of the Black Cotton Soils of India, 
by W. H. Hakklson, M.sc. ; and M. K. Ramswamy .Sivan, b.a. 
Price, K. 1. 


1913 


The Date-Sugar Industry in Bengal, an Investigation into its Chemistry 
and Agriculture, by H E. Annett, b.sc., assisted by (i. K. Lele, 
L.Ag. ; and Bhailal M. Amin, b.a. Price, Ks S. 

Bvapoiation from a Plain Water tSurface, by J. Walter Leather, bIi.d . 
F.i.o. Price, K. 1. 

.Studies in the Chemi.stry and Physiology of the Leaves of the Betel-vine 
(Pi)ier hetle) and of the Commercial Bleaching of Betel vine Leaves. 
Part I, by Harold H. Mann, d.sc. ; D L. Sahaskabuddhe, b.sc., 
L.Ag.; and V. G. Patwardhan, B.Ag. Price, R. 1-S. 

The Ca.ses of Swamp Rice Soils, Part I. Their Composition and 
Relationship to the (b-op, by VV. H. Harrison, m.sc. ; and 
P. A. .Subram ania Aiyer, b.a. Price, R. 1-8. 

The Fix perimental Error in Sampling Sugarcane, by .1. WALTER Leather, 
\.D., Fh.D., Pi ice, R. 1. 


1914 

The Fractional Liquefaction of Rico Starch, by F J Wakth, m.sc. ; and 
D. B. Dakabsett. b.sc. Price, R. 1. 

The Yicbl and Composition of the Milk of the Montgomeiy Herd at Piisa 
and Errors in Milk Tests, by J, Walter Leather, Ph.D., f.i.u. : 
and A. C\ Dobbs. Price, R. 1 or U, 6d. 

The System Potassium Nitrate, Sodium Chloride, Water, by J. Walter 
Leather, v.d., ph.D.. f.i.(\ ; and Jatindka Nath Mukek.iee, ha.. 
B.sc. Price, R. 1 or l.v 

The Sy. stems — (A) Water, Magnesium Carbonate, and Caibonic Acid, 
(B) Water, Calcium Carbonate, Magnesium Caibonate, and Carbonic 
Acid, by Walter Leather, v.d., Ph.D., f.i.(\ ; and Jatindra Nath 
Sen, m.a. Price, R. 1 or D. 6d. 

.Studies of an Acid Soil in Assam, by A. A. MEfUilTT, B.sc. Price, 
R. l-S or 2s. &(l. 

The Cases of Swamp Rice Soils, Part IT Their Utilization for the 
Aeration of the Roots of the Crop, by VV. H. Harrison, m.sc.; and P. A. 
Subkamania Aiyer, b.a. Price, R. 1 or 1,?. 6d. 


1016 

Soil Tcniporatnres, by J W \lter Leather, v.d., ph.D., f.i.u. Price, 
Rs. 2 or 35. 

Soil Cases, by J, Walter Le\tiier, v.d., Ph.D., f.i.u. Price, R. l-S or 

28 . 6d. 


1916 

The Cases of .Swamp Rice Soils, Pait III. A Hydrogen-oxidizing 
Bacterium from these Soils, by W. H. Harrison, d.sc. ; and P. A. 
SUBRAMANIA Aiyer, B.A. Prico, As. 12 or Is. 

Some Factois affecting the Cooking of Dholl (Cajanns indicus), by 
B. ViswANATH; T. Lakshmana Row, b.a.; and P. A. Raohunath- 
SWAMI Ayyanoar, d.a. Price, R. 1 or 1*. Gd. 

The Insects attacking Stored Wheat in the Punjab and the Methods of 
Combating them (including a Chapter on the Chemistry of Respiration), 
by J. H. Barnes, b sc., f.i.o., f.c.s. ; and A. J. Grove, m.sc. 
Price, Rs. 3-8 or bs. 6d. 
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Vol. IV, No. VII. Studies in the Chcnii«itry and Physiology of the Leaven of the Betel-vine 
{Piper heth) and of the Commercial Bleaohini; of Betel-vine Leaves. 
Part II, by Hakolh H. Mann, i>.sc. ; and V. G. Patwakdhan, k.ajt. 
Price, K. 1 or 1«. 6<i. 

Vol. V, No. I. The Ga.ses of Swamp Rice Soils, Part IV. The Source of the Gaseous 
Soil Nitiogen, by W H. Hakkison, [i.sc. ; and P. A. Stbramania 
Aiykr, h.a. Price, Rs. 2 or 3.v. 6</. 
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1006 

The Bombay Locust (Acridium surrimfnm, Linn.) A Report on the Investi 
gations of 1908-04, by H. A1 axwell Lkkrov, m.a., k.k.h., f.z.s. Prit-e, 
Ks. 2-S. 

1907 

The more Important Insects injurious to Indian Afjriculture. by H. 
Maxwell-Lkfroy, m.a.. F.K.S., F.z.s. Price, Rs- 8. {Out of print.) 

The Indian Surface (yaterpillar.s of the («eiiii.s Agrolis, by H. Mawnki.l 
Lefroy, m.a., F.E.S., F.Z..S. ; and C. C. Ghosh, r.a. Price, R. 1-8. {Out 
of print.) 

Individual and Seasonal Variations in Helopdlis iheivora, Waterhouse, 
with description of a new species of Hrloprith, by Harold H. Ma>>, 
i).«c. Price, R. 1-8. 

The Gorckhv attacking the Tea Plant in India and Ceylon, by K. K. Gri f.>, 
F.K.S., F.z.s. ; and Harold H. Mann, d.sc. Price, R. 1. {Out of print.) 

1908 

The Mu.stard Sawtly (df/zo/m Klu{^.), by H. Maxw BLL-LLKHn\ , 

M.A,, F.E.S., F.Z.S. ; and C. C. Ghosh, r.a. Price, R. 1. (Out of print.) 

The Rice Bug {Lepfoenrim mrironiiii^ Fabr.), by H. MAXWKLL■LEKK()^ . 
AI.A., F.E.S., F.z.s. Price, K. 1. 

Remarks on Indian Scale Insects {Oorridu), Part III, by K. K. (iRKf,\. 
F.E.8., F z.s. Price, R. 1-8. 

The Red Cotton Bug {Dusdernis ringulatufi, Fabr.), by H. Mawvkli- 
Lkfkoy, M.A., F.K.S., f.z.s. Price, R. 1. (Out of print.) 

The Castor Semi-Looper (Ophiusa metirerte. Dr.), by H. Mawn ell-Lefko^ . 
.M.A. , F.E.S., f.z.s. Price, Rs. 2. {Out of print.) 

The Tobacco Caterpillar (Prodenia Jittoralis), by H. M \XN\ j.LL-Lefho\ . 
.M.A., F.E.S., F.z.s. Price, R. I S. {Out of jirint.) 

The Cotton Leaf-Roller {Syhpla df.rogata, Fabr.), by H. Ma \\vkll-Lefro\ , 
M.A., F.K.s., F.z.s. Price, K. 1-8, {Out of print.) 

Note.s on Indian Scale Insects (Corrida), by H. Maxavrll-Lkfroy, m.a., 
F.K.s., F.z.s. Price, R. 1-S. {Out of print.) 

1910 

Lif 0 -Hi.stories of Indian Insects—I. {CoUoptfra), by H. Maxwkll-Lefro^ , 
M.A., F.E.S., F.z.s. Price, Ks. 2. 

1912 

Life-Histories of Indian Insects— II. Some Aquatic lihynchota and 
Coleoptera. by D. Nowro.teb, b.a. Price, R. 1-8. 

Life-Histories of Indian Insects— III. The Rhinoceros Beetle {Oryco.*. 
rhinoceros) and the Red or Palm Weevil {Ithynchophorus ferruginms), 
by C. C. Guosh, b.a. Price, Rs. 2. 

The B'ood ofj Birds in India, by C« W. Mason, m.s.e.a.c., edited by 
H. Maxwell-Lepkoy, m.a., f.k.s., f.z.s. Price, Rs. 7-8. 
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1912— rr)«r/(/. 

Vol. IV, No. I. Eri Silk, by H. Maxwell Lkkkov, m.a., f.e.s., f.z.s. ; and C. C. Ghosh, 
B.A. Price, Rh. S. 

Vol. IV, No. 11. Tetriginaj (/4<TtV/ii«rtr) in the Ajjrieultnral Ueseaich Institute, Pusa, Bihar, 
with descriptions of new species, by J. L. HaN(J()CK, y.E.S. Price. R 1. 
Vol. IV, No. in. The Biir Brown Cricket (Bmchytryim achattnus, Stoll), by C. C. Ghosh, 
B.A. Price, H. 1. 

Vol. IV, No. IV. Life-Histories of Indian Insects— IV^ (Hymmoptera), by G. K. Du'lT, 
B.A. Price, Rs. 2. 

1913 

Vol. IV, No. V. Inquiry into the Insecticidal Action of some Mineral and other Compounds 
on Caterpillars, by H. Maxwkll-Lkfkoy, m.a., f.k.s., f.z.s.; and K. S. 
Fin LOW, b.sc. Price, K- 1-S. 

1914 

Vol. IV No. VI. The “P.sylla” Disease of Indij^o, by A. .1. Gkove, M.sc. ; and C. C. 
Ghosh, b.a. Price, R. l-8or*2.v. 6/f. 

Vol. V, No. I. Life-Histories of Indian Insects— V. Lfpitloptfra (Buttei Hies), by 

(\ C. (iHOSH, B.A. Price, Rs. 2-S or 9ii. 

1917 

Vol. V, No. II. Indian Sugarcane Leaf-hopper {Pyiifla aherrann, Kirby), by C. .S. 
Miska, b.a. {Ih tha prAsa.) 

Vol. V, No. III. Report on a Collection of Termites from India, by Karin and Nils Holm 
oiiEN, Ho^yskolas Zootomiska Institut, Stockholm, Translated by T. 
B\inbkiook Flktchek, r.n , F.L.S., F.K.S., F z s. Price, R. I or U.’tj</. 
Vol. V, No. IV. On a (collection of Sphecoidea sent by the Atfricultural Keseaich Institu'te, 
Piisa, Bihar, by Rowland K. Turner, f.a s., f.k..s. {In the pretis .) 


BACTERIOLOGICAL SERIES. 

1912 

Vol. I, No. I. Studies iii Bacteriological Analysis of Indian Soils, No. 1, 1910-11, b> 
C. M. Huk'hinson, b.a. Price, Rs. 2 S. 

1913 

Vol. L No 11. Harigpur Tobacco Wilt, by (\ M. Hutc’HINson, b.a. Price, R.m. 2. 

1915 

Vol. I, No. III. A New Nitrite fonning Organism, by N. V. .Jo.sHi, b.a , b.sc., L.Ag.* 
Price, R. 1 or Li. 6d. 

Vol. I, No. IV. Azotobacter and Nitrogen Fixation in Indian Soils, by ,J. H. Walton, 
B.A., b.sc. Price, R. 1 or \s. 6-/. 

Vol. I, No. V. Bacterial Rot of Stored Potato Tubers, by C. M. Hutuhin.son, b.a. ; 

and N.* V. .losHi, B.A., B.sc., h.An Price, R. 1 or 1^. (xf. 

Vol. I, No. VI, Jiak’har —The Indian Rico Beer Ferment, by (L M. Hukhiix.hon, k 4. ; 
and C. S. Ram Ayyar, b.a. Price, R. 1 or l.v. H/f. 

19J7 

Vol. I, No. VII. A Bacterial Disease of Wheat in the Punjab by C M. HuT('UINi»ox, 
B. a. {hi the prenn .) 


VETERINARY SERIES. 

1913 

Vol. I, Nu. I. Anaphylaxis in the larger Animals, by Major J. D. E. Holmes, .m.a^, 
1) .sc., M.R.u.v.s. Price, Rs. 2. 

Vol. I, No. II. Salvarsaii in the Treatment of Surra in Horses, Dogs, and Rabbits, by 
Major J. D. K. Holmes, m.a., d.sc., m.r.c.v.s. Price, R. 1-4. 

Vol. I, No. Ill, Some more Successful Experiments on the Treatment of Surra in tho 
(3amel with KecoromendationsTor Systematic Treatment, by A. S.Leebe, 
M.R.C.V.S. Price, R. 1. 
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On tho Immune Bodies occurring in Anti-Rinderpest Serum and on th 
Variations occurring in the Serum Proteins of Animals during Rinderpest 
and during Immunization and Hyper-immunization, by P. Hartlky, 
D.8C. Price, Rs. 2. 

Some cases of Surra treated in the Field and in tho Laboiatory (hiring the 
Autumn of 1911, by Major J. I). E. Holmes, m.a., d.sc., (191.‘1). 
Price, R. 1. 

Rinderpest : Further Investigations on Questions connected with the 
Economical Production of Anti serum, by Major J. D. K. Holmes, m.a., 
D.8C., (1918). Price, R. 1. 

The Curative Treatment of Hsenioi rhagic Septicaemia in Cattle by the 
administration of Iodine and other Notes on Chemiotherapy in Rindei • 
pest and Haemorrhagic Septicaemia, by Major J. D. E. Holmes, <j.i K., 
M.A., D sc. Price, R. 1 or Is. 6d. 

Tho Vitality of tho Haemorrhagic Septicaemia Organism Outside tho Body, 
by Major J. I). E. Holmes, o.t.e., m a., d.sc. Price, R. I or U. 

Bursati, by Major J. I). E. Holmes, (m.e., m.a., d.sc-, m.k.c.v.s. 
Price, R. 1-8 or 2a. 3d. 

Experiments on the Treatment of Surra in Camels, by H. E. Cuoss, 
M.K.O.V.S., D.V.H., A SC. Price, R. I or la. (R 


Vol. II. No. VII. Anthrax— Some Experiments on the Immunizing Effect of the Simultaneous 
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STUDIES IN INDIAN SUDARCANES, No. 3 


TilK (JLASSIFKJATION OF INDIAN GANFS, WITT! SPECIAL 
* REFERENCE TO THE SAREI'II.V AND 

SUNN ABIDE GROUPS. 

BY 

il A. BARBER, Sc.D. (CaTitab.), 

Government Sngarcane Expert, Madras, 

I Kocnved for publication on the 25th June, 1017 ] 

T. INTRODUCTION. 

One of the first pieces of work luidei-taken on founding the Cane-breeding 
Station at (^^imbatoro was to make as large a collection as possible of the cane 
v'arieties growing in different jiarts of India. This was done, primarily, with 
the object of obtaining material for the study of these canes when grown 
together, at the same time and under similar conditions. It was also desired to 
gain some idea as to the kinds of cane grown in different tracts, so as the more 
readily to obtain improved varieties suited to them. It was, lastly, hoped 
that seedlings might be obtained from these canes, of which some might prove 
useful in replacing their parents. It was known that many of them did not 
fiower in North India and that, in those that did, the anthers were closed and 
the pollen inside was ill-formed and immature. It was hoped that the change 
to South Indian conditions might induce some of them to flower, and that the 
sexual organs might recover tone so as to become better formed and thus more 
fertile. 

A very sharp distinction soon obtruded itself between two classes of cane 
varieties thus collected. There was a large series of thick, juicy canes, gener- 
ally excellent in appearance. These were commonly grown on a crop scale 
in the more tropical parts of India but, in the northern parts, they were usually 
grown in small plots under high cultivation, near large towns, in which they 
were used for eating as a fruit. In contrast with this first class there was 
another, of thin, hardy canes, grown under field conditions all over India, but 

1 
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(‘hpeoially in tlu‘ iioitli, whioli showed themselves capable of growing in the 
o))on witli comparatively little. attention. These were unlitted for chewing 
and wer(‘ universally crushed in mills and made into jaggerff or gur. 

The number of thick canes aceumulated at (^oimbatore soon became very 
large, and there was no evidence of our having exhausted the varieties grown in 
different tracts. It w^as iioted tlnat they w'ere often only knowui by the name 
of the place from which they ha<l been received, with the addition of some 
such w^ordas “ and a number of them w ere obviously the same cane 

hailing from different places. The names frequently suggested that they 
w'ere introduced or foreign canes and not nuligenous in the (unintry. It W’^as 
found to be diffcult to grow them on the untreated lamlof tlie Cane -breeding 
Station and many of those which survived wTie almormal in their growth. 
It w'as thus seen that ajiy attempts at their classificat ion, wdiich was at first 
))rojeoted, w^ould be extraordinarily difficult, and that it w'ould be idle to 
commence this, until fuither details wire obtainable as to their migrations 
and original sources. Wiien a good stock was obtained for seedling w'ork, 
their fuiilier collection was therefore discontinued, or at any rate took a 
secondary ))lace. 

The other class, of thin, /p/r-making varieties, proved, however, to be 
mucli more interesting, 'fhere was no trace of their liaving been introdina'd 
into fndia, and tlnui* was no country witli w4iich 1 was ac<|uaiuted from w4iicli 
they could liave come. The only exotic varieties of tin’s class, Avhich had been 
rec(UV(*d from abroad, were the Yuba cane from Natal, which readily falls into 
lim* in the great Vansalii grou]), and two Java varieties wJiich I have as yet 
been iinabh* to j)lace in any special Indian class, but wiiieh have been inqau- 
fectly examined. These thin canes were therefore (ionsidered to be indigenous 
in India, as contrasted wnth the introduced varieties, and soon showed 
among thcMuselves several w'ell defined classes which wa*re easily separable. 
Each vi'ar, in ])Ianting out the increasing s(*ries of thin canes, care was 
takiui to ])ut togi^ther all those* which showed systematic relationship, so 
that the jilots themselves might indicate* the classification. Many of them 
w'ere, indeed, so similar to euie another that the conclusion forced itself on 
ones mind that, here too, tiu* same canes had been collected under different 
names from different localities, and that, such slight differences as w^ere observ- 
able might in *all probability be ascribed to the varying conditions of culture 
and climate under which they had long been grown. The following groups 
were readily formeii, Mungo, Naigori, Pansahi, and Katha, while there were 
indications of others, such as the transitional Bodi group and the small Khclia 
section. 
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Hut a number of forms wore not so easily arranged, and the unclassified 
list ” steadily increased, without any light being obtained as to their relation- 
ships to the groups already collected ajid isolated. It almost seemed as if 
ihere were a large number of isolated forms growing in all jiarts of the couidry 
without any visible genetic connection. Some, such as Barahi from the 
Central Provinces, were as small as the thin and meagre varieties (d the Punjab, 
while others, such as Namml in Madras and Mojorah in Assam, were with som(‘ 
difiiculty separated from the more juicy canes such as P)ni of Bihar and 
of Madras, which appeared to have been introduced at some time, but, after 
long growth h\ the country, had apparently decreased in size and vigour. In 
fact, the rigid separation of exotic from indigenous canes has sometimes been 
far from easy, and many changes in the unclassified list have been made in 
conse(|uence. Until a more detailed examination can be made, a certain 
number of forms will be under doubt, as it does not at first sight seem possible 
to decide whether such varieties as Mnfjh in Assam and Vendawukhi in Bengal 
are in reality introduced or count ry canes. Hut the characters of the thick 
and thin canes, such as their mode of growth and tillering, their size and the 
relative hardness of their rind, the amount of fibre and juice and their resistance 
to disease, make the separation of the two classes in general easy enough, ai\d 
this is emphasized by the character of such seedlings as have been raised 
from them, in that the parental differences are often exaggerated in the 
seedlings. 

Two varieties ])laced amojig the unclassified indigenous Indian canes, 
still being grown occasionally in the midst of the thick canes of 8outh India, 
received special attention, because they were more familiar, and we had raised 
stH'dlings from them. They were seen to differ markedly in tw^o respects. 
(Jandfi Choii from Mysore had bending or nodding leaf ends and well developed 
(;ircl(‘ts of hairs at the nodes, while Naai^d from Tanjore had more or less 
i‘re(it -tipped leaves and was ])ractically devoid of the circlets of hairs at the 
nodes. In another ])lace, liabit, as here exemplified by the character of tlie 
h^af ends, has been regarded as important in classification, wdxereas it has been 
suggested that the presence of the circlet of hairs is a primitive character of 
fundamental importaime. These differences, therefore, seemed to indicate that 
these two canes, like one another in many re, spects, might belong to enfirely 
different grou])s. Hut there was no time available for clas.sification .studies 
until the seedling work had been placed on a firm foundation. The two varie- 
ties were obviously to be regarded as indigenous canes, when compared with 
the thick ones of South India, but their systematic position remained g 
mystery. 
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It was firnt possible during tlie liarvoNting season of 1916 to devote some 
attention to this skb' of the subject, and a series of more or less hurried com- 
parisons were made betwe(‘n these two canes ai\d the other indigenous varieties 
collected. Fuithermore, it was only then that, by their growth and vigour, 
the NortJr Indian canes showed that they Avere thoroughly acclimatized to 
their new surroundings. The two characters mentioned above, leaf tips and 
circlets of hairs, in'evitably sugg(‘sted a comi^arison with the two aboriginal 
types, Katha and Dhaulu of (hirdaspur \\\ the Punjab, for these tw^o varieties' 
had been shown to differ in just these tw^o respects. ^ A fui*ther study revealed 
the fact that it w^as possible to collect many of the unclassified varieties under 
two heads corresponding wdth Gauda Chnn and Naanuh in these and otlier 
respects. A preliminary note w^as sent U)\\\e AgricnUund Journal of ladia,- 
and a detailed study of the members of the two series w^as commenced, as far 
as time was available, during March-April 1916. Jt w^as found that varieties 
of these two groups liad been collected from Madras, Mysore, Bombay, the 
Central Provinces, Bihar, Assam, Bengal, and the United Provinces, besides 
those already described from the Bunjab, wdth the not surprising tendency 
constantly to become tliicker and more like tropical canes as W'e proce€*d 
eastwards to Assam and southwards towards Madras. 

As Katha and Dhatda re])resent the thinnest and most meagre members 
of these two series, and are only known in the Punjal), new names have been 
sought for the two classes. Ajjd, in selecting these, I have been chiefly guided 
by the extent to which the varieties are generally know^n in the Provinces. 
tSaretha and Sunnahih' have, at one time or another, been distributed and 
tested in almost every Province in Tjulia. Haretha is a characteristic and 
valuable cane in the Meerut District and Hunnahile is a Bombay cane. They 
are canes of medium thickness and display the characters of their respective 
groups sufficiently well. The fact that the name “ Sunnabile ’’ appears to be 
of comparatively rare occurrence in Bond)ay districts has not been allowed 
to stand in the way of its selection, because the cane is well known as an 
introduction on th(‘ (Jovernnient Fanuh of Madras, the Central Provinces, the 
United Provinces and the Punjab, and doul)tless elsewhere. 

^ liaibcr, i\ A., Ntudics m Indmn Siisaicanos, No. 1, Punjab Canos. Mem. Dep. 
A(jr. hut., But. Nc/-., Vol VJI, No J, May This Momoir will in future b(‘ rofoirod to as 

Mem. 1. A second p.ip(‘r oy (h»- same aiithoi. Studies in Indian Sugarcanes, No. 2, .Sugarcane 
.Seedlings, etc., Mfm. Ihp. A,,r. /ml , But. Str . Vol. VIII, No 3, July 1910, will bo referred to 
as Mem. 2. 

* Barber, C. A., Ihe Clashification of Indigenous Indian (^ines. The Ayrindtural Jnunatl 
of India, Vol. XI, Part IV, p. 371 
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The following are the varieties thus far grown at Coimbatore and, after 
examination, placed in these two groups. For more exact details as to 
locality and synonymy, Section V may be referred to (pp. 34 and 35). 

Saretha Group : Punjab, Katha, Lairi, Kav.sar, Mesm\gan ; United 
[Provinces, Raksi, Ramiii, Chin, Chomee, Bamnkha, Burra Chunnev, Haretha 
(brown), Saretha (green) ; Bihar, Chynia, Jaganathia ; Bengal, Khari ; Bombay, 
Knlkya ; Mysore, Ganda Cheni ; Madras, Hullu Kabbn. 

Sunnabile Group : Punjab, Dhaulu, Tern, Ekar ; United Provinces, 
RakhrUj Kaghze ; Assam, Putli KImjee, Mojorah ; Central Ihovijice^, Dhor ; 
Bomhay, Bans I, Sunnabile, Khadya : Mysore, Ilotle Cheni ; Madras, NaanaL 

Iji the description of the prototype's of these two groups, Katha and 
Dhaula, it was noted that some of the differences Avere equally remarkable' for 
their minute character and their apparent cenistancy. The same has helel in 
the present study. We have not received much help from characters usually 
emple)yeHl in be)tai\ical systematic work, sucli as differences in the floral e>rgans 
and size* e)f eirgans and plants, but have bt'en dependent on a series of minute 
le)eal differences, a well knowji occurrence in. the se'paration e)f closely allied 
cultivated varieties. Pluis, in all of the Saretha gre)up, there is a minute black 
incrustatie)!! em the rind, as if it had been attacked by a small mite, wliereas 
this is entirely absent in the Sunn.abile grouj). Tlie density of bloom is greater 
in the Saretha group but the blackeidng of this bloom by fungus is much sharper 
and more^ circumscribed in the Sujinabih* group. Minute characters of this 
kn\d thus become of prime impoi-tance in classification, just as the greater 
liability of ceitaiii classes of canes to different fimgus attacks. Thickness of 
stem ajid size and vigour of plant seem to be of no value, in that, ii\ each series, 
we pass from the smallest and thinnest canes in India to great growths uith 
dilFiculty distinguished fr(mi luxuiiant trojneal canes. And the very insistence 
of these iiisignificai\t characters, in cam's so widely differing iji external appear- 
aiun* and extending through such wide si retches of country under such different 
climatic an.d cultural couditioi^s, does but add to their importance. Other 
characters than those mentioned above, which have helped to distijiguish the 
two grouf)s.are : — Tlie preseJice or al)sence of the groove, the brown colora- 
tion oji the stem, the airangement and frequency of tlie corky lines (ivory 
markin.gs) on, the stem, the j)resence of the scar band ami scar lh\e, the bursting 
of buds, whether apical or dorsal, the character of hairs on the Inid, the colour 
of the edges of the youjig leaf-sheath, the presence or absence of s})iny hairs 
on th(‘ back of the leaf-sheath, the venation of the h'af-sheath, the extent to 
which the leaf -sheath clasps the stem at its base, the character of the ligular 
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hairs, the width and shape of the leaves, tlie relations between their length and 
width (leaf module), the erectiiess of the leaf tips, the length and thickness of the 
joints ajid the cane module, the number of joints in the cane, the obliqueness 
of the first formed slioots, the nature of the underground branching, 
freedom of flowering and seed formation, the roughness of the surface of the 
leaves and the Jiature of the serrature on their edges, and so forth. Some sixty 
to seventy such characters are dealt with below, many of them of prime import- 
ance, while in others the grou])s hang together generally but exceptions occur. 

The two new classes of indigenous canes thus differ markedly from those 
already recognized. Thus far. A\e have depended in our grouping on obvious 
resemblances by wliich, at a glance, varieties could be placed together, as 
if the same cajie had been grown for long periods in different tracts. Tin* 
members of the new classes often show no such obvious likeness, and it has 
required a great deal of detailed study of )>iany minute characters according to a 
prepared scheme, before we could decide on definitely placing each member in 
its pro])er class. (\'ilain, varieties, such as the great, grass-gretui Patli Khajee^ 
are noted for the Jiumber of minor d<‘viations, and there an* other canes, such 
as Shahnrlif/ni(f and Bandn. showing obvious cojinectiojis, but witli, sufliciently 
important differenc(‘s to juevejit at ])resent their inclusion in either class. 
Such cases may ])rove of s}>ecial interest later, as showing traj\sitions between 
the (dasses j\ow dealt with ami others as yet ujuletected, or they may b(‘ 
simply blind variations with m furl her relationship. 

W(* have thus before us an interesting mass of ijiformatioji as to the 
systematic vahn* of tin* numerous characters which have foimed the basis of 
our can.e descri])tions, oj\e of the desiderata set ])efore us at the commejicement 
of our study. ^ tin* classificati.m of the two groups, we see that it is more 
to the cojicurrence of a juimber of apparently un.impoitant resemblaj'ces that 
we must look for the j)roper grouping of our cane varieties, than to characters 
of real morphological sign.ificam;e, so commonly and successfully emj)loyed 
in the classification of j)lants. There is litth* doubt, moreover, that, to the 
(diaracters detailed in this ])a per, may be added fundamental differences in the 
quality of the juice, fibre content, milling })ropejties, requirements of soil and 
water, and geJieral liardiness ajid liability to <lisease. and there are ijulications 
that such is th(* case, d'he members of fhe Saretha class are apparently 
hardier aiid less de})e]ulent on tvater than, the Sunnabile varieties, and also 
have less juice but with more saccharine content. But a lack of first-hand 

^ BarU*!!, r. A., Some Difficulties in the Improvetfioiit of Indian Sugarcanes. Annals of 
Applied Biology, vol 1, nos. ^ and 4, Jan. 191.5, p. 219, “ Pioblem 6.” 
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knowledge of the canes in their natural conditions and the opinions of local 
cultivators regarding them, prevents us from analysing these characters at 
present. Enough has been said to show that, to the already well recognized 
groups of Indian canes typified by Mimgo, Pansahi, Nargori, two more classes, 
less obviously marked to the casual observer but none the less genuine, must. bo 
added. In these groups the usual separation of the canes into Ukh and Gatimi 
breaks down, a]\d, indeed, there are some indications of a further gradation 
between the latter and the Pmnida class. If this turn out to be the case, we 
shall perhaps be able ultimately to throw light on the hitherto insuperable gulf 
between the indigenous fndian and exotic tropical canes, a gulf which has led 
to the idea that we have in them twogrou])s of cultivated plants (dosely related 
and yieldijig the same commercial substance, but arisii\g from different wild 
])arents. I know, at present, of no single, fundamental difference between 
these two groups, and regard it as rpiite possible that, in India itself, we may 
find the transition from one to the other. Historically, at any rate, the 
(uiltivated canes of the tropics have been tracid to Northern Ij)dia, and we may 
at present r(‘st at tJiat. 

But there is ajiother aspect oi this study to which aftejition may be drawji. 
Our classificatioji is not merelv' aji em])irical statemeid of imconnected differ- 
ei\ces, a soi’t of analvdical key for the separation of varieties. ))ut presents the 
<lata for a reasoned statement legarding the lijies of evolution amojig a sectioji 
of cultivated cajies. We aho claim to have made distinct ad\auces along the 
<liHiciilt path of tracing the origin of cultivated canes from tlieir wild ajicestor. 

There an*, as already stateil, in. each class, a s(*ries of cai>(‘ vari(‘tie,>>, passing 
more or less im])erceptibly from what are coi>f('sse<Mv the thinnest and most 
])rimiti\e cai^es in the world to thick, well-develojnd forms ^ bowing distinct 
resemblances to tropical sugaicanes. liy the careful study (d tin* \anation 
between these extremes, we are jilaccd in a better position for tracing tin* 
evolution of the latter from })rimitive ancestors. And, wliat is more significant, 
W’e have established a series of commetij^g links between cultivated canes and 
wild Saccharums now^ growing in India. 

Our study of Savchanim spotHaneum is still incomplete, as the full mc'^lind 
projjosed is to examine and comjiare a large series of seedlings of this species, 
in order to establish the limits of variation in the vegetative organs. Hut a 
constant collection of specimens, while on tour in different parts of India, ha^. 
demonstrated the fact that there are some very distiimt varieties of this sjiecies, 
more or less confined to definite geographical regions. There is the common, 
wire-leafed weed, usually known as karts or kahi grass, met with all over India, 
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but more abuudant in the dry tracts. As we proceed to the more humid 
regions, Bengal, Assam, Burma, this form, although present, shows transitions 
to wider leafed and thicker -stemmed forms, till we get canes with leaves nearly 
a couple of inches wide and stems as thick as Ganna canes. There is, more- 
over, a water form which is typically present in the ponds near Dacca, in the 
old alluvium of the Madhapur forest, with tender green nodding leaves and 
thickish stems rooting abundantly at the nodes, which in many respects is 
much more like a cultivated cane than the dry land form (Plates I and 11). 
1 learn from an Assistant Farm Manager at Dacca that this form is termed 
kashi in the Hooghly District, where it is common on the alluvial banks of 
streams. He says that it is given to children to chew and that his grandfather 
states that in former times it was crushed for making gar. Whether there be 
any truth in this or not. it is interesting to note that, among the seedlings 
obtained from it at the Cane-breeding Station, some had juice with over 
8 per cent, of sucrose, which is higher than any yet obtained in our aiialysis of 
wild Saccharums. This foini suggests a startin.g point for primitive cultivated 
cam‘s. Throughout Ihiifua we meet with a seih's of forms which apj)ear to 
connect these two latl er (the thick land form and the water form), sometimes in 
jjonds, but more usually oji the alluvial banks of the Irrawady, varying con- 
siderably in the tliic^kness of the stem and width of the leaves. All of these 
have the tyjjical inflor^'sceJice of Haccharant t^ponlaneam and must therefore be 
included in that botanical species. They have ])een introduced into the Cane- 
breeding Station at (\)imbatore au<l show themselves ])erfectly al)le to cross with 
the cultivated cajies there, whether thick or thin. We have raised seedlings by 
selling each of them, but at i)resent there has been Jio opportunity of examining 
these in a detailed majuier. We thus sei^ in Sacvlafnan spontaneum a develop- 
ment in the size of the vegetative organs, as we j)ass from the dry to the humid 
t racts in India, similar to that met with in the Saretha ajid Sunnabile series of 
sugarcanes. Attention has been drawn to tlie obvious resemblance between 
the kahi grass and hatha in the Punjab, where the local ryots are accustomed 
to point out kalu as ihe ancestor of Kfftha, their commonest cane.‘ In the 
detailed list of characters showing differences between the Sunnabile and 
Saretha groups, we shall lijid a number mentioned in wliich the latter grouji 
approaclies f^accharaat fipinilaHvam, Such are the black inciustation on the 
stem, the venation and trajisverse bars oji tlie leaf-sheath, the prominence of 
the midrib, the circlet of hairs oji the nodes, the serrature of the leaf and the 
extent of roughness on the surface at tlie leaf tij), the red brown colour of many 


^ Mem. 1. p. 2. 
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Seedlings of Saccharum spontaneum On the right, two rows of seedlings of the Dacca form ; on the left 
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seedlings, the mode of branching, etc., and we have utilized these resemblances 
to Hiiccharam spontaneuni as strengthening our conviction that the Saretha 
series is the more immitive. But there is also some reasoji for supposijig that 
the more highly developed Sunnabile vaiieties are also traceable to Saccharuvt 
bpoHlnneum. Among the characters in which the Suimabile and Saretha groups 
differ arc the bending of the leal tij), the erectness of the young (geiJiiijiuting) 
shoots, tlu' colour of the stem, the ligule and its sot go. sjhne^ on the backs of 
the leaf sheaths, scar band and scar line, and so oj\. Now a more or less 
imperfect study of the seedlings of Hacclunnm spontcineim raised at Coimbaloic 
has also shown these v'ery differences among themselves ; there are white ajid 
browji stemmeil forms, the ligules vary and the seta3 are occasiojially long, 
there arc spiny ajid spineless forms, and there are variations in the scar bajid 
and scar line. Wlien Ave coi\sidcr the extremely piimitive nature of Dhaiiltf, 
and its o})vious resemblajice to Katlia in many particulars, there seems to be 
some justificatioji for th(‘ expectation that a closer study will i]K*rease the 
number of these resemblances in some seedlh^gs of Hacchmum spoyitancum to 
the KSunnabile series. There is thus some reas(n\ for tracing both of the prina- 
tive Punjab cajies to a common ancestor, Katha from a red form and Dhanh 
from a white, the differences in whose seedlings have been fixed and transmitted 
by the vegetative method of propagatiom 

The other groui)s of indigenous Indian canes have not as yet been subject eil 
to the detailed comparative study accorded to the Saretha and Suimabile classes, 
ft is by no meajis impossible that, when this is done, similar resemblanc(‘s 
may be detected. Judging from the single character, the mode of branching, 
it wmild seem that tlie Mungo and f’ansahi groups are the more pinnitive, and 
that they fall into line with the Saietha class, while the Nargori group, as fai 
as it has been studied, shows a formula more comparable with the Siuinabih* 
series, a distinct advance towards the thick canes. KJidia and its allies an‘ 
yet further develo])ed, being intermediate in this respect betw'een the yiinnabilc 
and Nargori gioups and the thick canes. We thus see that the study of merely 
one character ?nay throw light on the various stages of development of Indian 
canes, and it is justifiable to assume that a comparative study of many cliaiac- 
ters will make the path jilainer. The a])])arei^t a])sence of differences sucli 
as we have collected in this paper in the members of the Bansahi, Nargori, and 
Mungo groups may be duo to their being more leeent offshoots from the parent 
stem. Lastly, there aie certain primitive canes growing in the Oenfral Pro- 
vinces which should be compand with iSaccharum spmtanemny e.g., Baralii 
and Katai. The latter might lead to a connection with the Nargori group. 
So also Shakarchynia and Kheri in Bengal, which appear to be primitive forms. 
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Hud douhtloNS iiiuiiy more in parts of tli(» country Avhero as yet the cane varieties 
liave not been collected. These points are merely indicated here to support 
the idea suggested that th(‘ careful study of miiuite vegetative difTerences may 
be of use in tracing the course of development in closely allied varieties of 
cultivated plants. The lim^ of ^^ork: \\ith seedlings of each variety is more 
(tomplicat ed, in that tKe minute vegetatixe diffeiejuTS relied on are ruled out, 
as they do not a|)p(‘ar to b(‘ always inherited, but a study of the range of 
variation in «‘ac]i grou]) will also assuredly assist in fixing the prol)able wild 
ancestor. Sueli work is already j)ossil)l(\ with the mass of details collected 
in the de^ei i])t ions ol dilTereut fndian \aiieties. Init it is not likely that there 
will he tim(‘ availabl<‘ in the imnu'diate futun' for w^orking these details out. 
One poijit may. liowe\(‘r. be meiitiom'd in ])assing. We have m)W' a certain 
knowledg(‘ of tin' relative stability of vegetative characters in the giou])s 
fonuing the siihject of this j)aper. Hut it Is uidikely that this wdll apply to tin* 
sanu‘ veg(‘tativ(‘ eharaeteus ii» other gioujis, (‘vei» if tli,(‘V are derive'd fiom tin* 
sann* wild foiin. and this makes it all the more' nee'essaiy that e'ach group 
should l)t‘ s(*j)anit(dy studied in all its varie'tie's. 

We‘ lia\e t Jills far ignonsl the' Jael. wliiedi has eaune 1 e) hgld giaelually in 
mil study, I hat in tin* Sare'tJia grou[) th(‘re*js a elistine'l subdivision inte) two 
^('elions. piimauly se'paiable l)y the' ce>loiir e)f the hteun, whiedi may Ix' jougldy 
te'rme'el the' ])ro\\n <ind gri'c'n steinme*ei ^(’etioJ»s. Haedi see'tio]* earn tail's a 
primitive' Hmijah vmrie'ty and tlu'V Jiave' he'e'Ji naine'd alter these'. The KatJia 
section Is e*]iaraet<*ri/(’d hy the' ie‘i»ulaj it y ol hrenvn maiks or cedoiations on the 
cane’s anel t lu' Mesangan sect inn is devoid ol tln'se. lut/lfff ai'd Mc.stuKjtfn are 
simihir caiu’s in iiianv respee'ts. hut (In' Mesangan gioup, although ii eluding 
a thill eMMi', consists cliK’tlv ot the' thicker feirius loiii'd ii» o(h(*r paits of India 
than 111 I lie Punjab and ne'ighheuuing pails ol tin* rniteel Pioviners. Stfn/fiff, 
wliie‘h istJie thickest vaiiel vin tiie Katlia see'tion. has a feirm in the ^ie’sai'gan 
s('ction also, sometimes distinguisJieel as Dhum S(U'fili((. Ij> tin* elelailexl 
stuely of these tvNo sie'tions, whieh is inte'ipoJatiMl in. niai'y eif the character 
stuelies, vve shall se'e that the' Me'sangan se'e;lie)nis in many re'spe'cts inteunieeliate 
he'tween the Saretlia end Suunahile gioujis. anel it may Iherofeire be le'gaiele’d 
as, on the whoh', a more ch've'lopeel se'jies. fuillier troiii the euiginal wilel form. 

In seime of the e*haracte'rs useel m separating tin' varieties anel groiijis, it 
has been found difiieaiJt to state the difieueuice's sue e*im‘t!y, espe’cially iii suedi as 
inveilve comjilicated se'iies of un'cisurements. For the sake ed clearnei-s, coi^ain 
empirical exiuvssions have been mtreieluceel, and the renvs of figures have been 
})lotted as curves em seiuaml pajier. Hut, lor timse to have any general value, 



(\ A. BARHEll 


143 


it has boon iieoessary to take a very large series of iiieasiirt^ments, and this 
part of the work has been very laborious. For iiislaiuje, on going through tlu* 
varieties, it soon becaiiK' evident that the organs in tin* 8iinnabil(‘ forms wen* 
oil the whole shorter aj»d broader than in tin* Saretha varieties. As each 
series oontained thick ajid tliin, large and small varieties, it liecame neijessaiy 
to include |>roj)orlional measiir(‘ments. and modules have lieen int induced 
founded on the length of tin* organ di\ide<l by itsbreadtli, and this has giv(*n 
satisfactory results. But one was also soon convinced that the shaja* of tin* 
leaf was different in the tw’o grou|)s, and the module fails to indicate this fully. 
Kor the demonstration of this dilfiTence in shape, it beijaim* necessary to lak(‘ 
a series of width measiin'ments at <lilferej»t ])laces iij) the leaf till tlie widest 
])oint was reached. The points fixed w'ere (In* base, 1" from i(, and also t)" 
and VI" and tin* widi‘st [)lace, wJierever that was. By studying (h(*se in (*ach 
\ariety and averaging them in tin* whoh* group, W(* have been abh* to e.\[»n*ss 
1 he sluipi* oi the leaf ])v means of t In* ///vn/h’/^Z of iiiereasi* in width, and this 
gives an expr(*ssion of the general shaja* of the ](*af. Tin* width of the midrd» 
was measured at the same places, lor it was noted that this part of the leal 
was much more prominent in tin* Saretha series (as in Savrlmnatf siH)n^ 
linwam) than m the Sunnabile grouj), and it was desir(*d to state this aceurateK . 

.Manx of tln*s(‘ nieasun'inents wen* undei taken, not so much to give exact 
data, as to con\ince uie's self that aji obs(‘rved diUVrenci* was actually pn'sent 
as a group character a matter of peculiar dilliculty in vaiicties with such a 
wid(' range in general size and, if jiiesent. what exceptions wa*re observable. 
Tin* results an* ni1i*resting, as indicating (In* relative closeness of the diJferenl 
varieties in tlx* grou()s, for, generally,' when* exceptions occui, such are alsi» 
tiaceable in other characters, and we s(*e that in each grouj) there aie 
tluctualions in \arious directioi)s. suggesti\e of new points of dej)arture in tin* 
evolution of the type. 

The \ariation in the length of organs at different jieriods of giowtJi has 
n (*i*ived s[)ecial attention, audit is hojied will form the subject of anolhei 
memoir. The lenglli of joint, for instance, is \ery dilfeicnt at the base, in the 
middle and at the toj), and the two groups under consideration show mark(*d 
differences in this varmt ion ; there is greater variation in the Saretha series, 
and the longest joints are always nearer the base than in the Sunnabile series, 
which is more uniform all through. But to put this down in definite teims was 
very difficult, fn each variety 20 canes were taken at haphazard, and each 
joint, leaf sheath and lamina was measured in succession from base to apex. 
As the number of joints varies from cane to cane, it becomes an extremely 
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diflicult to obtain an avera^^e sorie»s of the figures, and the general result 

of investigation seems to (lonionstrate that it is iinpo.^siblc to obtain an average 
eane, ajid therefore, in its i)lane, ixn ideal cane lias been built up for each variety 
and group in these respc'cts. The results liave been reduced to curves wliicli 
show the differejices suflicicnt.ly well, but it may be mentioned that some of 
th(‘se curves are based on as many as 10,000 individual measurements, and it 
l)ecomes a (jiiestion if this amount of labour is justified by the result. The 
answi'r to this ([uestion can only lie obtained by an inspection of tin* curve's 
rejirodueed, but, in a classification built up on a morphological study of vegeta- 
1 ive organs in closely allied eulti\ate(l plants, one object is to build up a typical 
form characteristic of the^ari(‘t\ and group, and it is not obvious how this 
can be otherwise accomplished. It is woith while drawing attention to the 
fad that, m the end, chaiaeteiistic cuiwes of the lengths of organs in different 
parts have bcfui olitained in eacdi case, wheieby the mode of growdli in the two 
grou])s is seen to difbu’ somewhat widely. Ihit the matter is eomjilieated, and 
a special note has beim diawn up on it, wherein the difficulties are fully 
discussed andthe UK'tliod of overcoming them desciibed. 

\ uot(‘ has also Ix'en written on ror/y a ad late canes in (’ach clump. 
This matti'r has been referrcnl to in tli(‘ two [ireceding Mmnoiis on fudian 
SngaicaiK's, and in tlu* pn'sent paper new' light has lieen throw^n on the subject 
by tin' dissection ot earn* stools and llu' studv of tlu' mi'thod of branching. 
Some tiltv stools 1ia\(' been dissected out lecentlv. belonging to twenty- 
four va IK 'ties of canes, and some of the lesults an' interesting. The main 
point is tliat tlii'rc' is o\erwh(‘lniing e\id(*nee that the late canes are tlie 
thickest, thus iev(‘ming ('a i her conclusions draw n trom tin' Ix'liavioiii of tin' 
Punjab canes, lati* m the st‘ason. 

'Flic ('xaininat ion of non-niea >uiabh‘ chaia(j(i*rs has also involved a great 
deal ol woik. So much so, that n has bi'cn lound necessarv to ciiitail the list 
ol obs(*rve<l dilh'n'iiecs foi lacds of tnin* to conduct the obsi'iw'ations on the 
iK'cess'irv scab'. After .ill, such a lhi.»g as a (jomplete analysis of th.e ditTeiences 
between any two liMiig oiLr.uusius oi gioiips of organisms is obviously 
unattainalih'. The omission o| a ehaiacter does not theielore iudicatt* that 
th(*re aie not ditTen'inies in it. As ahe.uU said, tln'H' aie juoliubly a gieat 
many mori' (lean thosi' (h-taileil in this jujxM. 

Ih'fore proet'cdin', to tlu* emimeratimi of the (diaracters, it is advisable to 
state on what mat(*iial the piosi'iit examiiiatiou has been based. As each new 
variety is added to the collection at tlie Cane-breeding Station, it is the custom 
to make as full an examination of it as is possible before planting. Further, 
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fuller descriptions are then recorded year after Vear^ wliei\ there is the time for 
it. There is thus a ^reat mass of information available regarding tlie characters 
of varieties which have been growi]\g for some years on the fatm, and of course 
less foj’ the newer importations. We ar(^ tluis fairly well atapiaiuted with 
inany of the vaiietles dealt with in tliis ])aper, but, for the sake of comparison, 
we have mainly r(4ie(l on studies in which all the varieti(*s were growi\ on th(‘ 
same plot of land at the same time. Two such occasions have offered, namely, 
during the 1915 and 1917 cropping seascms. But the ]uimber of varieties 
in the elass(‘>. ui\(b‘r dise^ission grown in these two years differed a good deal 
u\ that a great nuuiy ^^er(‘ added during the year, chiefly from the lTnit(‘d 
Provinces and Bombay. The L91G cro]) consisted of about eight varieties 
of the Saretha grou]) and 10 of tlu^ Sunnabile. The canes were well grown, 
but file (examination was taken up rather lale, and many of tliem Avere 
^obviously over-ri})e, ther(' Avere a large number of shoit joints at the ends 
of the (a!\(es and the leafy shoots woro oftc^n injured, or floAwring had 
tak(‘n ])lace, Avith consecpient shooting.' Por the b(‘tter study of the leaf 
shoots, in Avhich a great mimber of distinguishing cliarac^ters were notc'd, 
it was d('cided to do the AA'ork over again in 1917, but at an earlier stage 
of groAAtli. The A'arieties Awre therefore examined at about nine moj\ths. 
4'he numbers of vari(3ties in tlie tAvo groups had noAV considerably increased 
and there Aver(‘ IS in the Saretha group and 15 in the Sunnabil(*. But the 
j)iece of land oJi Avliich this croj) Avas rais(Ml A\as not nearly so satisfactory, 
it Avas stiller ajid more saline, and the gejieral groAAl.li of th(‘ canes was ])oor. 
There av(M(» far feAver joitUs than could ])(» accounted for by the youth of 
the j)lants, and the curv(‘S sulTered accordii\gly. But the h^afy shoots Avere 
lu'althy and tin* leaf characters aaxmv on the Avhole juuch more satisfadorv. 
Tn most cases the r(*siilts of the measurements in the tAAO years are givaui se})ar- 
ately, ajid it is interesting to note hoAV well tlu'y agree, in spite of the griait 
dilTerei\ces ])oth in the vaib^-ies examined and the conditions under aaIiIcIi llu* 
examiiuition t(jok j)lace. This agreement is suflichmtly striking in most cast‘s 
to alford additional (widence of the justness of the classiticatimi. 

The present Memoir is divided into the folkming ])arts :• 

T. TntroductioiA. 

rr. Chm.eral list of characters dealt A\uth, folloAved by a summary of tju^ 
(;hief differences noted in the Sunnabile and Sardha groups, 
arranged in tabular form. 

ITT. Note m the dissection of stools, as demonstrating the th ickness of early 
and late canes and the rcdatiA^e systems of branching in the groups. 
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IV. Note on a method of Imilding up an ideal cane for a variety or grouj) 
by averaging measurements of the lengths of organs at successive 
joints. 

V. Detail(‘d list of diaraijfers in which differences have been noted, 
with tables of measurements for the individual varieties in the 
Saretha and Sunnabile groups. 

For those desiring to obtaiji a general idea of the scope of the thesis and 
the conclusions arrived at, i1 will suffice to glance at sections I and IT. The 
followifig sections cojitain an amplification of the same matter, with the details 
on which the conclusions are based. It was originally intended to add a section 
with detailed, illustrated descriptions of the individual varieties in the two 
grou])s, and 1 am indel)ttd to several gentlemen for the kind way in which they 
have provided me with information regaiding varieties grown in their Provinces, 
f would specially mention the H(m’ble Afr. Hailey and Rai Clanga Prasad 
Sahel) of the United Provinc(‘s, and Air. Evans in the Central Provinces. But 
the number of varieties has now increased so greatly, that it would take 
many months before this ])ait of the pa])er could be ])rei)ared, and the notes 
r(‘Ceived, together with my ow'n desciiptions, are fih'd in the office for W’orking 
up whenever there is tinu* to do this. 

(kUMUATORR, 

I mil May. nnr. 



II. GENERAL LIST OF CHARACTERS DEALT WITH, FOLLOWED HY 
A SUMMARY OF THE CHIEF DIFFERENCES NOTED IN THE TWO 
(JROUPS, ARRANGED IN TABULAR FORM. THE NUMBERS 
OPPOSITE THE CHA]U(TERS CORRESPONJ) WITH THOSE IN 
THE DETAILED LIST OF DIFFERENCES IN SECTION V. 

List ok C^haractkhs. 


I. (rcnend - 

Erect lu'ss of y()iin<4 shoots 
Habit and mode of irrow'th. 

Tiileri njj;. 

Dissection ot stools. 

Floweriim. 

Anlhesis. 

TJ. - 

(1) Len^^di of stri|)|H‘d cane. 
Number of joints in the caiu*. 
Av(n*a<j;(* len^^h of the mature 
joints. 

Average thickness of the 
cane. 

Cane module. 

III. Colour and markings of the cane-- 

(1) General. 

(2) Stripiu^^ 

\^^) Black incrustations. 

(4) Bloom. 

IV. pjoinf characters • 

(1) Groove. 

(2) Circlet of hairs. 

(3) Soar baud and soar line. 


Seed jiroduetion and seedlings 
obtained. 

Number of dead leav(*s on the 
cane. 

Lenji^th of cane bearin»r these. 
Length of living leafy shoot. 
Total lentil h of plant. 

(2) Ovalness and thickness in 

dilbuTiif ])aits of the cane. 

(3) Len<>:th of joints in ililTerenl 

parts of the cane. 


(5) Blackeuin»^. 

(0) Corky markings. 

(7) Colour of "ro\\’th rin^ 2 [s. 
Colour of rout zoiies. 

(4) Growth rings. 

(5) Root zones. 
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V. Bud characters — 

(1) Bursting. 

(2) Size. 

(3) Form. 

(4) Colour marks. 

(5) Point of origin. 

VI. Leaf -sheath — 

(1) Colour. 

(2) Bloom. 

(3) Scarious border. 

(4) Colour of young edges. 

(5) Tuft of hairs. 

(G) Spines on the back. 

(7) Venation. 

(8) Transverse bars. 

(9) Ligular processes. 

(10) Ligule. 

VI [. Lamina — 

(1) Channelling. 

(2) Callus. 

(3) Scabrous fe(d at the tip. 

(4) Serrature. 

(5) Number of laminas on the 

cane. 

(0) Length of lamina in different 
parts of the cane. 

(7) Average length of mature 

lamina. 

(8) Width of leaf. 


(6) Flanges. 

(7) Bristles. 

(8) Basal patches. 

(9) Minute ])lack hairs. 


(11) Clasi)ing stem. 

(12) Width at base. 

(13) Width at apex. 

(14) Limgth of mature leal 

sheath. 

(15) Sheath modulo. 

(IG) Number of sheaths on tlie 
cane. 

(17) Length of sheath in differ- 
ent parts of the cane. 

(9) Leaf module. , 

(10) Pinching in above the base. 

Position of widest ])art of 
the lamina. 

(Jradients of ii\orease and 
decrease in width. 

Ul) Width of midrib indifferent 
parts. 

Proportional widtli of 
lamina and midrib. 


Summary of Differences in the Saretha and Sunnabile (;roups. 

The summary of differences, noled in the characters of the Saretha ami 
Sunnabile groups of ijuligenous Indian canes, has been drawn u]) in tabular 
form. By this means a great deal of repetitioi\ is avoided, 1 he statement 
gains in clearness and the various measurements can be more readily compared. 
In all cases, a fuller study is made in the detailed list given further on, and 
reference to it is invited to clear up doubtful points. Mention has been made 
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in the Introduction of the obscM’vations on which those coin])arisons have ])oen 
based. Although mai\y of the varietit‘S have been studied for several yt‘ars, 
the present details are afforded by examination of the IflU) nud I‘)l7 (‘rops 
grown on the (Une-breeding Statioii. It must be repeated that these crops 
dilfered in several im])orlant respects. The 19lt) crop was studied when 
about 13 months old, it was well grown but rath(‘r over-mature. dMu' 1917 
cro]) was examined (diiefly for leaf characters. U was about 9 montlis old 
and then^ore immatun*, and the number of joints and leaves deveh^ped were 
a'cordingly fewer: but this latt(‘r difference war. unfortunately (‘inpliasized 
by the fact that the crop as a whole was poorly grown, although a])paremly 
perfectly healthy, and this lias led to a diminution in certain differema's. The 
Sunixabile group forms a remarkalily homogeneous (dass of {*an(‘s, in spit(‘ of llie 
fa(5t that, in its rangi*. ii passes from some of the most primitive' of cam' 
varieties to thick, almost tropical, forms. Th(‘ range' is se)me*wha( nai rower in 
lh(‘ Saretha serie's, but the variations met with in the* group are* cemsiderably 
greater, so much se) that it has been found jiossible* to subdiviele* it inteitwo 
sections. Tlie'se* are* tenrimd the* Kat ha and Ab'sangan se'ctioiis, distinguish- 
able, ii\ the* first, instance*, by the* pre'sence eir absence* of a re^d breiwn c.oleiration 
e)f the cane as it matures, ft is interesting to note that, in many characters, 
the're is a (-endenev for the Me*sangan section tei eiccujiy a ])ositiem inte*rmeeliate 
b(‘twe*e*n the* Kat ha se*ctiem anel t he* Sunnabih* gremp. Hut. in sjiite* ed' this, 
tlieMSaretlia se*ries, as a wheile, is siifliciently uniform to separate* it fremi the 
Suimabile in the cliaracters e*numerate*el behiw. 




(*t \(ninu 

.ere* eimcli nion* in 

I ll(‘ Sllllll.ll)lll* MM'io. 

Hiliit anel inodt* ot i;n 4 V\tli 
Thi'< ditt\*r-> in 

tin* tw«) i^r()ll|)'^. 

'rilleTiim i'e‘ne*r.dlv L*re'.ite*r in 
( he .Sarnt lia 

l)i'5^c‘etion of stools 


Flowe>riiij< much more* al>nn 
<lant in tho S.inalia ^roup. 


Sa r«‘(}ia 


r (ji’NineKL 

\ cn a\ 4 ‘iMuinii !.'{ 

07 from tin- \<*ituMl at 
I rmnHli> 

Spnaielinn or sjuaw linn ; lesit 
tip-, offe*n "ixni ''lllrpl^ 1) nt 
et an 


ItMT. I.") <*ane‘s per stool 


Siinna l»ili‘ ( Jr»»en» 


A\ oiauMisji, •') :iO lentil 

Khn/K and an*, 

4‘\c(‘pt ionall\ , oI)Im|U(‘. 

'ri'iidiin* li» straii^ht. e*n‘e‘t 
lialnt : Irat tips usually 

strirl, and, latrr, 

broadly cuiNin^. 

nil 7, \'2 e*anes pe^r stoed. 


Cam's nufun* i‘arlv and 
hranchinu omir'. t4i llu* 
fourlli orele*r 

M.anv vari<*tio-! fl»»wi*r .ilmn- 
elanf Iv at (^dllll^af^»n^ 


Cam*s matun*lat(» and braiifli- 
mi! «)i-curs to flu* I liinl ord<'r. 

I 

I Klowi*!’!!!!* Is xcnorallv rare eir 

absiuit. 
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Charjiflor 


Anthosis. Opoii atitherH and 
good polliMi present only in 
the vSaretha grovip. 

Seed production and seedlings 
obtained only in the Saretha 
series. 


Number of dead leave.s on the 
cane. There arc fewer of 
these in the Saretha series. 

Length (jf the part of the cane 
Ix^aring these dead leaves. 
It is slightly greater in the 
Saretha sericss. 

Jjongth of living shoot. Tliis 
is greater in the Saretha 
series. 

Total length of plant is greater 
in the Saretha group. 


Length of stripped cane. This 
is greater in the Saretha 
sorie <. 

Number of joints in the cane. 
This is great(*r in the Sunna- 
bile series. 

Av^‘rage hnigtli of joint in 
mature part of cant*. This 
is longer in Saretha .series. 

Average thickness of cane is 
greater in the Sunnabile 

scries. 

Cane module is much greater 
in the Saretha series. 


Length of joints in different 
parts of the cane. This can 
bo best seen in the curves on 
Chart If. 


Saretha Croup 


Sunnabile Croup 


I. 0 ENERAL— ro/ndd. 


In all the varieties flowering 
some of the arrows show 
80 — 90% of anthers. 

Any number of seedlings can 
readily be obtained from 
many of the varieties, espe- 
cially the more primitive 
ones. 

Average number.s — 

1910, 23 
1917, 15 

Average measurements — 
1910, 7' 1" 

1917, C 8^ 


1910, 0' 5" 

1 91 7, 0 ' r 


1910, \:v V 
1917, U' if 


In all flowers the anthers are 
completely closed. 


No sootllings have been ob- 
tained, excepting a batch 
from Naanal in 1913, but 
th(Te is some doubt as to 
these. 

Average number^ — 

1910, 32 
1917, 10 

Average measurements — 

1910, 7' 5' 

1917, 4' 2" 


1910, 5' ir 
1917, r/ ir' 


1910, 10' 

1917, ir r 


II. The Cane. 


Average mcasuroment}> — 
1910, 97 2" 
1917, 75 9" 

Average numbers — 

1910, 33 
1917, 20 

Average mcasuremc'nt.^ — • 
1910, 3 '9'' 
1917, 3-8'' 

1910, O'OO" 
1917, 0 07" 


Average numbers — 
1910, 115 
1917, U6 


Average measurement s- 
1910, 92- r 
1917, Ot-O" 

Average nuiuben — 
1910, 40 
1917, 27 

Average measuroinents- 
1910, 2 ’Sr 
1,1917, 3 0" 

1910, 0-73" 
1917, 0*77" 


Average numbers — 
1910, 87 
1917, 119 


The Saretha joints are longer, but there are more of thorn in 
Sunnabile. I’ho latter curves are therefore longer. The 
joints increase in length up the stern more rapidly it\ 
Saretha a ml reach an earlier maximum, and, after this is 
reached, they decrease more rapidly. The Sunnabile curve 
crosses that of Saretha towards the end because of the larger 
number of mature joints. There are, generally, greater fluc- 
tuations in the Saretha series, the length of joint being more 
uniform in the Sunnabile series. 
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Chamctrr 


Sarotha (innip 


Siiruialal<‘ (Jniup 


III. Colour and Mvrktnos ok thk uane. 


Colour much ol^scurod, in tho 
low(‘r parts, by weather an<l 
bloom and usually dirty hen* 
Brown, bone 3'ellf)W, gr(‘(‘n 
or I'rov’, occasionally light 
pur})lo (brown covered by 
blot»m) below, passing up- 
W'ards to yellow, glauci us 
gr(‘(ai, gre<ai y<‘llow or grey, 
and linally to greyish or 
glaucous or whitish green or 
exeri white at the top, j)wing 
to (*xe<‘ssive bloom. Inth(‘ . 
Mesangan s»*etion the browns ' 
arc absent or extremely raie 
and, conse<piently,the joints 
ar(* rarely light purph‘. Th<‘ 
brow'M oeeurs inpatcln‘soi 
streaks or as a general tone, 
and increases with age. It is 
(hendoro more marked in 
th(‘ mat ur<‘ ean(‘s 


Brownish stone coloured (»r 
glaucous \ellow, occasionally 
griM'D l)(‘low', [lassing ujiw'ards 
to clear light sloiu' or greenish 
ya'llow, with distinct green 
patches at places where the 
<*ane is bent, finally to clear 
stone \ellow\ oecasionall\ 
gn'ciiish yellow oi dull green 
at the top l*uth Khuju is n 
\i\id grass-grt)(‘n c.iiie, and 
Kftdti has a giuieial greenish 
tinge when eoinpanal with 
tln‘ rest. Many ()fthe\arie' 
ties ha\e what are termed 
“ wdiile ■ canes, and this is 
lefh'ctcd 111 tln'ir local names. 


(lonoral colour of tho cane. 
Thorn are considerable differ- 
oncos in this restaa t in the 
(Miles of the two grou[)s, and 

in tho Sarotlia group a sub- 
division is noticoalilo into 
brown and green sections. 


Striping is pK'soiit m many’ 
(Minis, Tills is especially so 
in the Sumiabile si‘ri(‘s, and 
appears to b(‘ ali^mt in tin* 
Katha siadion. 

Black incrustations due to the 
out-growth and biowning of 
epidermal ceils, ehietly in tlie 
iieighbijurhood of the groove, 
only ill the Sandha group. 

Bloom is mueh more marked iii 
the S irt'Mia Serb’s, 


Black Mi'iig caused by’ fungus 
attack oil tho bloom. 


(Jorky markings vary a good 
doal in differoiit varioties, 
but tliore aro goiioral grou]) 
distinctions. 


Not not(‘(l in th(‘ Katha s(‘c- 
tioii, but s(‘en in four ot tin’ 
s(>v('n .M(’saiigaii canes. 


Pn'sciif in all. sometimes 
abundant and a striking 
feat UH’ in colouring. 


M(‘f with Ml all tin’ (MiK’s ot 
tins group e\(‘e))ting hhnalii 
(14 out of 15 ), as occasional 
faint ]jurple lines 


Not nn’t witli ill any variety. 


W(’ll di’velopod, ('spi'cially’ in 
(he Katha section, where it 
is freijiK’nt ly very thick and 
copiously desc(‘nding (mu* 
the joint, espi’cially in the 
upper part of tho cano. It 
is loss ahundant in the 

* Mesangaii section. 

Bloom bands ratlw'r di.stinct, 
(‘xcopt wdn^ro there is e.xeess 
of bloom on tho joint. 

Moderately di'velojwd, rather 
faint and ill-d(‘fin(Hl. as if (he 
surface had bc(*n smudgi'd 
with soot 

111 tho main, short, finis wavy 
liiu's, closely packi'd, but 
oftiMi not well developed. 


Not luNivilv devolopi’d and 
not il(‘.seeinling much over 
the surface of tin’ joint. 


Bloom bands not consjiicuous 
on yi’llow joints. Quite 
."harp and distinct on tho 
green joints of J*uUt Khnjet. 

Well developed, in sliarply 
isolati’d dense black patches. 


More tvineallv prcsimt. r-m 
allv as long, thick, parallel 
liims, ratlmr wadelv scparati’d 
and extending from the base 
of the bloom band about two- 
thirds of the way dowm tho 
joint 
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( 'h.araetor 

Sarotha Croup 

1 

Sunnahilo Croup 

III. Colour akd Marktnu.s <»f the uane — mtichi. 

(,’()lour of j^rowlli riii^s i 

r.'illy «tr()iig(*r lirnwii in 
Sarotlui. 

Strong brown in the Katlia 
.section : less distinct in the ' 
.Mesangan. ' 

Fainter broW'ii generally, and 
most clearly seen in the 
middh' of the cane. 

Colour of root zoiu's, hrown 
ctvani holow to lighlor unsiin 
ab(>vo ainl oftc'ii liloonunl. 

Not blushing green in th(‘ , 
Katha s(*etion. but oeeasiona! 
traces of this in th(‘ 

Mesangan. 

r.simlly hlushing green when 
exposed, and tlien sh(>wing 
the (‘Ve.s as bright yellow' 
spots. 


IV. Joint Ciiakactek.s. 


(Jroovo, a charac'tor apjmivntly 
of priim^ iinportaiico. 

Kr(‘sont or indieal(‘l in ail | 

\ ari(‘ties. 

1 Not traet‘ahle in any variety. 

CircU't of hairs. (.•haract(‘risti<‘ 
of tin* San‘tlia M*ri«‘s 

Csually w'cll doV(dop(*d b(‘low 
and persistent at \arious 
parts of tlu‘ st(‘m. 

Not usually pn'sent helow' or. 
if found there, soon 

disapi’i^aring upwards. 

Sfiir liand character! /.(‘s llu^ 
Sar(‘tha sorios and scar lino 
tli(‘ Sunnahilo. 

C(Mi(‘ralls a sear band. 

Csually a .sear line. 

(I'rowth ring vvid<‘r in tho 
Saivtha sorij^s. 

.M(‘asurem(‘nT.s in wkitIi - 
Katha s(M't ion 0*11" 

Mesangan s(‘etion tul 1" 

>ieasuremi‘nts in width - 
Sunnahih' group tUOS" 

Root zono wider in the* 
Sunnal)il(‘ M*ru*s an.d with 
a tlifforont arrungi inont of 
lh(‘ (‘VOS. 

Katha .se<‘tion H 22" 

Mesangan section (U2‘>" 
Kyes usually in 2J rows, 
mor(‘ (»r less ecpiidistanl. 

Averaoc width O-.'U'" 

Hyes in um'iiual row's, tho 
low'('r hc'ing much largi'i* and 
rath(‘r wide^ly s(‘parat(‘d from 
th(' H'st. 


V.’ HUI) (’ll VRACTEIIS. 


Hursting dilTors in tho two 

gr«»ui)s. 

(hMK'rally mon* or less a])ioal 

Csually dorsal. 

Size. 'Pho buds an* very small 
in both s(‘rios, (^\c‘('pting in 
Mojoni/i. Th(^ amount of 
root zon(‘ oovoi’od by th(‘ bud 
givtvs a usofiil dittViviuav 

Av(‘rage Irngf h — 

Katha section d.2.‘V' 

Mesangan section d.27". 

f . 

Root zone 1 Ivathi section 

1 Me.sangan section *1' 

A\ tuagr h'ligt h (U27'' 

Hoot /one Pi , ,, , 

b.i.l 

tlu' thickest cane, (lu‘ buds 
art’ ralJier large. 

Korin. Thon* is littlo to ohooso 
hon^ liocauso of th(» smallnoss 
of tho buds. 

Mon' pointed, ovate. 

More rounded, oval or trun- 
eat(v 

Colour marks, consisting of 
brow'll blotches on greenish 
or yellowish bud. 

Hlotehe.s of hrowm colour at 
the ba.se and along the sides 
• d the flanges. 

Hlotehe.s of colour as two 
sharp hrow'ii linos at the top. 
like the head of an arrow'. 

th’igin usually at tho leaf sear 
ii» );oth, })iit a teiuhmev to 
ariat) higher iij) in tho Sunna- 
bilo series. 

Atli'afsear, e.speeially in the 

I Katha section, with a slight 
tendency to arise aim vc it in 
the Mesangan section. 

A mark<‘d tcndi'iiey for the 
upper hiids to arise liighcrHip 
t hail t ho loaf scar. 
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in tin San th i sionj) 

1 inly wt l| (it y ( lopt d ind 
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ind ottt n ibst nt 

IS il pat( Iks lx tt( 1 lit v< lupi <1 
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Lsuilly Mt 11 dt \( loptd ind 
tonsisting ot lilt topical 
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offtn nnitly a ioulIiiu ss or 
piilx ct lift V\ ( 11 (lid t y pi 
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s< 1 K 
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( irlv onK in tin Simnihili 
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IN \t lojiiiv t »ily in tin 

young It af sin itli 

^ oiin^ (I^(s roloinkss m tin 
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I^i^ht tolt lilt d oi ti nuput nt 
in tin \ oun_ sin iths 
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St ttion 
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t d^t of t In It it sht ith 
' sonn flint s \ ( f y fit 1 1\ 

Spint s on f ho h lok pits( nt only 
in the Sunnabih group 

AIjm nt 

Pit s( nt ( 1 indit (ft d in ill 1 lit 
out oftin tyyo Khmhfn spt 1 1 
nil iis t \ iminr d 

\ ointion fint r and nioK du 
tintt 111 tin Sait tha group 

lsuilly wfllniiiktd tit II ind 

I (tin i fint p 11 lilt 1 Inn s in 
tho K itli i St ( tn 11 , uni mt . 
tl( 1 itt ly distiiKt in tin 

Mt sing 111 St ttion 

lii(,^ulii indtlttii tlinkish 
uni indistiin t 

Trinsvcrso bars piesont only 
in th( Saretha grt)up 1 

j 

1 sii illy will dt y t lopt d in tin j 
K ith i St ttion though sonn - 
tiiins obscuitd by bloom 
Less tlistiiu t ill tin Mt sing 111 
St ttion 

[ su illy (bs( rif oi tin ii pi if t 
t nly indn ift d by sin 1 11 

1 pauht s of d 11 kt 1 f oloui 

Ligiilai proooasoa only present 1 
in the Katha section 

1 

Usually wt 11 tit \ eloped in tin 

K it ha section is long, sharp 
ttoth set n pooily dty eloped 
onl> in Gnndn Vhm of tho 
Mesangan section 

Absent 

( 
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Chai.ictcr 


Saivtha (iron]) 


Sui)na})iIo (iroiip 


vSorratnro harshor and more 
porsistcMd in tho Sunna))il(‘ 

^,M’OU]>. 

of lamina in difTeront 
|)ai ts of I ho <*aiio. 'J’his i.s 
ho.^t stmliod in tho ourvos on 

('hart IV. 


Avoraj^o hm^fh of nialuri' 
lamina is ^roator in (h(‘ 
Sarotha sm ii'.s. 


KxtnMiio width ot lo.if. 'I'his 
IS considiTahly ^^nsilor in tlii* 
►Sunnahilo grou]). 


L'‘af modulo is considorahly 
higfior in (h(‘ Sarcth.i 

Si lii's. 


Pinching in aliovo tho lms(‘ i', 
markiMl only in th(‘ SarcllM 
series. 


Po-^ition of widest fiart of 
l.irnina, as ])ereen(agc‘ of 
length up tho loaf : it is lower 
in tho Sunnahih' group. 


VII. Lamin \ - rowrW. 


Soft, fine, soon deciduous 


Thick, harsh and persistent. 


Tlie euMos agree with those ol joint and sheath, in that those 
of th(‘ Saretha senes are higher and shorf(‘r, and steepiu ,i( the 
ends, than III th(‘ Sunnahih* group. Tho lamina curves ditfei 
from the other two in thomselves, in that, onci* the region of 
full grown leaves is reached, the curves remain more or Jess 
flat for a considcrahle time. 


I Old, p.r 

1917, Katfia ^ 

section, 9' Id'' | average 
Mesangan f 4' O'" 
section, 4' 2"j 

1910, I-.V' 

1917, K at ha '| 

section, 1*2'^ I average* 
Me.sangan T 1 ‘,i" 

section. I'.V J 


191(), :r 9 ' j 
1917, :VH"j 


191i;, 1 8" I 

1917, I 7" ) 


191(1, .Tl 

1917, Katha "j 

section, 28 | average 
Mesangan j 27 

s(*ction, 22 f 


WMtli at hatu join 
Width 1" higher up 7 ') 

1917, Katha \ 


I- 

section,,.^ 

Mesangan 

,. 110 
section, 


V. 91 

^average 


I Old, 0-47 of length of lamina 
1917, Katha \ 

section. Old (^average 
Mesangan | OJS 
s(*ction, O'oO J 


191 d, 20 ^ 

1917, 2d J 


191d, 


103 

m 


1917, 101' 


lOld, ()-40 I 
P)17. O il I 


(Iradients of inen*ase and 
di*ere.is(* in width, up to and 
heyond the widest part. 
The gradi<‘nts are steeper in 
the Simnabile group. 


Increase, 1917, 

Katha 'j 

section, 1 in U)0 I average 
Mesangan j 1 in 102 

section, 1 in 109; 


Inerea.se, 1917, 1 in .V> 


Decrease, 1917, 

Katha 1 

section, 1 in 18 | avt*rag(* 
Mesangan ( I in 11 

section, 1 in 40/ 


Decrease, 1917, 1 in 22 


'I'he midrih is more* prominent in flu* Saretha scries. Tt is not only wider in jiroportion 
to t lie rest of tlie lamina, hut it is also intrinsically wider, although the leaves are narrower 
For details refer to the table in the Detailed List of Characters. 




IJJ. NOTE ON TJIE DISSECTION OF STOOLS. AS J)EMONSTKATINO 
THE SYSTEMS OF BRANCHING AND THE THICKNESS OF 
EARLY AND LATE CANES. 

Tho ])reseuoe of early and late canes in the same cliimj) has been refer rod 
to in the two previous Memoirs,* and a further note may hei’e ]>e added. Jn 
the first Memoir it was noted that, in tln^ 20 canes in which measurements of 
joint lenj^th were made at the Gurdas])ur Farm (in D)L3-U), there were ii\ 
certain varieties two classes of canes, difi’erinf^ siifiiciently widely to throw 
the curves of lenj»th into some* disord(*r. After nuue study it was found that 
these two classes were formed at ditfer(‘nt ])eriods <)f i(ro\\th in the clum]\ The 
morphological (diaraetters of these two kiruls of (amss wjmc* summarized as far 
as possible. The first formed canes were se(‘n to liave more joints, to com- 
menc5e with shorter ones and to be on tlie whoh* thit^ker than those formed 
towards harv(‘st time. It was infcunul that there mi^ht be im])ortant differ- 
ences in tlie ricln\ess of the juice, but Jio analyses WMue available. In the second 
Memoir chemical analyses wiue ^iven of early ajid late caji(‘s, ajid it was seen 
that the former have uniformly richer juice. At the same time* it was shown 
that , whih* certain vari(*ti(‘s habitually develop thes(‘ tw o kijuls of (uines, it is not 
so in otlnu's, and the presence or absence of early and lat(‘ canes in a clump 
becomes a varietal or (‘ven grouf) (diaracter of some importance. These lesults 
hav(‘ been conlirnied by further obstuvations. (‘xcept in one r(‘spe(5t. It 
was noted in Gurdaspur tliat the. late formed cajies were thinner than thos(‘ 
formed earlier in the year, and it was contend(‘d 1 hat the former had tlnuefori' 
nothing to do wdth the thick watery, mostly immature, canes which are seen 
in maiw clumps at croj) time. In the varieties growui at (.\)imbatore the 
dissection of stools has show ji that , as regards thickness, the ]>ositi(m is reversed. 
Tho first foriiu'd canes have, it is true, more joints and these are on the average 
shorter than in the later ones, but there is a regular series of increases in thick- 
ness from the first formed cane t(» those of its successive branchings. The main 
cane is the tliinnest, branches of the first order are thicker, those of the secoml 
thicker still, and so on. The undoubted fact that this does not a])ply to the 
early and late canes measured at (Jurdaspur is thus anomalous, but it seems 
possible tluit the latter, being dev"elo 2 )ed late in the season, at a time whej\ 
growing conditions w^erc unfavourable, may reflect this fact in their relative 
thinness. Further observations are how'ever not at present possible there. 

♦Mem. 1, p. 38 and Mem. 2, p. 158. 



0 , A. BARBER 


i:>7 

I take as an oxamj)le of this increasinj' thick jipss in lato-fonnod cancs ono 
of tho Pansahi ^roup, as it has fjoon demo list rated that the presence of early 
and late canes is a character of the whole of t!ie cane varieties included in it. 
ft will be remembered that, in the Punjab measurements, Kalm was chosen 
as showing early and late canes most tyjiically, and this is a local member of 
the Pansahi group. Recent stool dissections of Panstthi (9 months old) are so 
instructive that a study of one exanijile is a])pende<l l)elow. The develo|)ment 
of the branches of succeeding orders are so regular as to be almost mathemati- 
cally exact. Tn the diagram, a represents the main shoot arising from the 
.bud on the set. Tliere are two branches of the first order, // and //, and the 
former, larger branch, is tin* one here analysed, (V c' ' are 

branches of the second, third, and fourth oiders r(‘speetively. All the canes 
in the clump were full grown, e\ce])ting three cs, wliich formed stroiig shoots, 
cane-forming at the base and about five feet long. There wmt* no other shoots 
than those in the diagram, which shows that the branching system was 
(jompleted for the season. 



Branchinc system of a PansaHI shoot from a single bl n. 
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STUDIES IN INDIAN SUGAROANES 


Tho thickness of the branches (canes), at 2 feet from the base, was 
measured in each case, excepting the three es which were only strong shoots 
five feet long, and here it was taken at the base. The figures in these three are 
on the high side, as in these late shoots the thickness of the stem diminishes 
slightly upwards. 

Thickness of branches of successive orders in a Pansahi clump of canes, 
in centimetres: 


Average 


a 

1-42 






a 1-42 

b 

1-79 






b 1-79 


2-00 

J-86 

,.3 

2-00 


1-90 

f 1-92 


2-()3 

2-24 


2-31 


2-20 

d 2-38 


(:i-52) 

e- 2-69 


(3-35) 

e* 

(3-40) 

e 3-29 


There in 

no doubt but that the 

es are, in 

this case, to all 

intents and 


purposes, “ water shoots.” Two photographs of another dissection of a 
Pansahi clump are appended (Plate III) which show this increase in thickness 
in tlie later branches very clearly. 


It will be seen from the above that the late-formed shoots are branches 
of a high order and that they are uniformly thicker than the earlier ones. It 
is also very evident in the dissections that the joints of the earlier canes are 
shorter than those formed later. In the sjiccial case under consideration the 
average length of the joints in the lowest two feet of the branches of different 
orders is as follows : n 1", b 2", c 2", d 2*8'', c 3", and this difference is especially 
noticeable in the lowest part of each cane, namely, in the first formed or basal 
joints. The arrangt'inent of the canes measured, in the tables of length of 
joint in different parts of the cane, where the cane with longest basal joint is 
placed first and those following are ones with successively shorter basal joints, 
is thus justified, in that, if there is any well marked division into early and 
late canes in the twejity measured in any variety, it will at once become evident 
{(‘f. page 30). From the study of a very large series of tables of measurements 
of all the joints in 20 canes of each variety, always arranged in this way, it 
may be stated, as a very general rule, that the canes with longer basal 
joints have, on the average, fewer joints, but it by no means follows that a 
definite division into two classes of canes, early and late, can be made at 
croj) time. We have seen that such a division is definite in members of the 
Pansahi group. In other cases the transition from early to late cane is gradual.* 
In the varieties dealt with in this paper, of the Sunnabile and Saretha 
classes, all the canes were spread out at crop time in 1017, and it was found 




Dissected stool of Pansahu nine months old The main stem has a piece of Isolated canes of the same stool of different orders of branching : a, mair 

vv hite naner round it stem, c, c, branches of the first, second, third and fourth order respectiv 
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generally imposKible to separate them into early and late, all the intervening 
stages being present. This would seem to indicate that, throughout the life 
of the plai\t, new canes are continuously being formed in tliese varieties. 

In order to gain further information as to the cause of these differences 
in the canes of any one cluni]), a large number of stools of different varieties 
have been dissected out during the past season. One of these dissections has 
been detailed above and, among others, six varieties of each of the Sunnabile 
and Saretha groups have been dealt with. In the Saix'tha series, Cheni, Chin, 
Hullu, Khati, Saretha, and Katha, and, in the Sunnabile group, Banfia, Bami, 
Dhor, Kaghze, Sunnabile, and Naanal were selected, and the dissections were 
analysed to see if there was any difference in their mode of branching. This 
w^ork is to be regarded at present as preliminary, and it is intended to deal 
wdth the dissection of six varieties of each of the main classes of indigenous 
Indian canes on an extended scale during the coming season. The results 
thus far obtained appear to justify the idea that, by this study, light w^ill be 
throwm upon the relative state of development of the different groups, as 
compared with the w’ild Sacchaiums <>n the one hand and thick, tropical canes 
on the other, these two forming the extremes of the series. 

The adjoining table gives tin* results obtained for the Sunnabile and 
Saretha classes, in each case the moso fully (levelope<l stools of those dissected 
being selected. 

Dissection of clumiis m six varieties each of tin* Saretha and Sunnabile 
groups {a being the main stem and b, r, </, e, bran(‘hes of 1st, 2nd, 3rd, and 
1th orders). 
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V 

m 

OT) 0 

0 

0 

5-0 

2‘6I 

■ 

IM 87 

1 

' group 


1 


1 



1 





1 




From this table the following interesting conclusiojis can be drawm : — 
(1) The Saretha class of canes matures earlier than the Sunnabile, the 
number of canes forming at 1 months being 6*3 and 2*7 respectively. But 
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I Ik* Sininal>i](* <^roiip at this ])orio(l shows a <^roatcr jiuiuIxm* of shooting 
l)U(ls the figure's l)(‘in^ 17*7 for Suniuil)ile and I2‘7 for Sarctha. I liavo 
s('l(M;t('d Sfurflift aiul futf/ltui stools, of the* saiiio a^o and disso^'tofl a1 tho 
sarin* tinu*, to sliow tin* dif^oroina* in rale of maturing. IMiotograplis of tin* 
dissections are to he se<‘n in Plate IV. 

('!) The onh'r of hrancthin^ (‘xtends further in the Sareiha ^roup. hrancln's 
ol 1 he foni’th oi‘d(*r h(*ino found in ineinlx'rs of this s(‘i‘ies, whereas nonr* arc* 
])i’(‘S(*n( in tin* Siinnahih* varieties heyoinl (he third ordc'i’. I'liis fact is of 
some importainu* as siio^estino a mon* primitive* (diara(‘ier in the SareMia 
varieties, in that, .o<*in*rally sp<*akino, the more primitive* a eane, the hi^dier 
the* orele*!' of its hianehes. 'Phis will he* (;le*ar from the* lolleiw'in^. The* wilel 
Sacoharums dissect e'd have* canes forme'd ed hranedief. iij) te) the* fifth order. 
wdie*re'as the tiiie-kcane* varie*ties are usually content with the s(*(*on.d or third 
orel(‘r. ddie ^^roiips of Inelian e;an(*s fall h(‘t w’e*e‘n these* two i*vtre‘me*s. and 
1 have* constructed the* tollowino conv(‘ntie)ual formula* for the* chimps at 
maturit.y m e‘ach etase* : 

a h (• (I (' / 

Wild Sacoharums I 2 y* 2 1 

Sare*tha edass I •> o :> 1 

Suniiahile edas,'. I o o 1 

Thick, treipical eauie's 1 (1 ?) 





TV. NOTE ON A METHOD OE BU1LDIN(J VV AN FDEAl. (WNE BY 
AVERA(HN(^ MEASUREMENTS AT SHVESSIVE JOINTS. 

Avera^in*^ the of tlio orii^aps at joiotN ot tlie (*a]u* pit'son.t^ 

manv diliiciiltirs, tli(* ohiof of wliioh isi that tho oaiich aro of dilTorcMU 
ajul do not (joutaiu IIk^ wum^ luinihor of joints, Somo of tlioso 
liavo allinlod to iu a ])r<‘vious Memoir* when* it was thrided tliat whilt* 
six (Milt'S wert* iusiiffieieiit for relial)l(‘ averaj't's to ht' ohlaiiit'd, measun'iiu'iit.^ 
of twenty would at any rate d(‘mous( rat (' the jm'st'nct* of (‘arly and late (dasses 
of (unes iu (lie (tro]). Tin* latter nund)(*r has been ado])t('d in. all subseijiieut 
nuMsnrements, and a (*onsidera])le amoind of linn* has bi'en dt'vottMl to the 
(‘liieidation of tin* ])roblom. This number is considt'nd suHici(*nt to iiile out tin* 
o(*(.:asional almormal variations and. if the selection I'f (‘am's i> (*an'fiilly cln'eked, 
will, it is held, .ujivt* fair avera^(*s fnmi wJii(*h the mode of growth can bt‘ as(*(*r- 
taiued. It is r(‘(a>tj:niz(‘(l (hat soil, manurin^^ rainfall and temperatun*. will 
have (*onsid(*rabl(‘ iufhnmet*, but if tln'st* an* eijual for all vari(*ties. tin* intrinsic 
ditferen.ces in jzrowth will make themselves a|)])arent in com])arisons. It has 
transpired that environmeid has a consid(*ral)le effect u])on j^rowlh iu h'uytli 
of (he orijjans at ditlen'ut parts of tin* cam*, and characteristic curv<*s hav(* 
bi*en obtained iu a seri(*s of c*aims ^rowii at Taliparamba. on. tin* w(*^t coast, 
and Samalkota, on the I'ast coast, of tin* Madras Bn*sid(‘n.cy. It is possiblo. 
from a planet* at the curvi* of ^rowlh, lo say al once in which of llu'se two 
lo(*alities any variety has b(*eu planted. This fact maki's it all tin* more 
lu'ct'ssarv. iu comj)arisous. to study all tin* c-anes at tin* same place* and uud(*r 
the sann* condilions. We caunol safely comj)are tin* ^nowth lairve of one 
cane ^n'ow'n in North India with that of another urown at Uoimbatore. 

The twonty canes are* chcs(*n at haphazard, but the collecdor wall o]>viouslv 
pass over such as are meagn* and stunted, and the avera'.n* will, therefore*, be 
honiewJiat hi<^her than in the wJiole crop. The object aimed at. is to obtain 
twenty ave*rage (janes wJiich have* become fully developed. When one* e;e)u 
biders that these twenty canes wJll vary j^reMtly iu ^(Uieral he*i^ht, iu the uumbei 
e>f the joints and in other respt*cts to be reft*rred to below, it would se'cm well-nigh 
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im])()ssi})lo to ohtai?i fair averagos of suooo,ssivo joints, but tho results of the 
method here erri})loyed have this that is satisfactory, that the curves 
ultimately obtained exhibit cjonsiderable uniformity in each variety grown in 
the same j)lace, and that there are well mafktxl differences in the curves of 
different varieties, a study of which has added yet another character by whicdi 
the Sunnabile aixd Saretha grou])s may be distinguished. 

The organs measured are the joiids (intermxles), leaf sheaths and lamina s. 
The twenty canes are cut at ground level and laid out on a table and the 
laminas are first measured in succession from the lowest joint upwards towards 
the apex, until a leaf is reached only J ft. in lengtli. The sheaths of these 
leaves are Jiext/ measured in the same way and the cane is tlum stripped, and 
the joinf.s arc' measured until those are reached wliich are only one-tenth of an 
inch in length. Lx (‘ach sejxarate joint the measurement is thus recorded of 
its own length and that of its leaf sheath and lamina, commencing with the 
lowest above grouiul and continuing until tlu' youngest joints at the a})ex are 
reached. There are always three or four leaf organs measured in c'xcess of 
joints, in that some joints less than one-tenth of an inch hi length already have* 
fairly long leaves, but the exact 2>osition of any leaf on tlie stem can be readily 
fixed by counting from the base upwards. All mcNasurements are made with a 
foot rule divided into teidihs of an inch. 

In each variety we tlius g(*t detailed lengt/h measurements of the (organs in 
twenty canes. The measurements of individual canes are then written in lines 
across the page, those of different canes being placed one above the other in 
vertical columns, all commencing with the joint immediately above the ground. 
They are thus arranged in a table, and in this table the cane with tlie longest 
basal joint is placed first, that widi the next longest basal joint next and so 
on, a space being dropped between the first and last ten canes. The upper 
ten have longer basal joints and the lower shorter basal joints, and, if there is 
a marked difference in the number of joints iji the upper and lower series, we 
have an indication that the variety is characterized by early and late canes.* 
The lengths of leaf sheath and lamina are treated in the same manner, the cane 
with the longest joint being again placed first, so that we have the twenty 
canes arranged in the same order in each series and can, at any moment, pick 
out from the tables the length of any joint and of its leaf sheath and lamina. 
We thus have ample material for the study of any correlations existing between 
the length of the joint and the organs belonging to it. (It may be pointed out, 
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in passing, that other characters have been studied in the same tweiity canes, 
e,g,y length of leafy shoot, width of leaf, thickness of cane in various parts, and 
the canes here too are arranged in the same order.) 

The problem immediately before us is to construct an ideal cane as far as 
length of organs is concerned, representative of the twenty measured, and, 
for the purpose of illustration, I have selected the length measurements of the 
leaf sheaths in twenty Khari canes, given in the table at the end of this section. 
It will be seen from this table that, while there are 41 sheaths in one cane, 
there are only 26 in another, and that there are all gradations between these 
two extremes. The average number of sheaths in the twent}/ canes is 32, and, 
consequently, only this number of averages is required in the ideal cane. We 
obtain it in the following way. The last eight measurements are regarded as 
those of more or less immature organs, and, forming the close of the series, are 
retained intact. These are placed at the end of each line, blank columns 
being left for the inclusion of the whole 41 of the longest cane (No. 19). The 
last eight columns are thus present in all the canes, but the ninth from the end 
is only present in one cane, the longest. Working backwards, the next (*(dumn 
is found in two canes, the 13th in four canes, and so on, until, at the 24tli from 
the end, we again get all the canes represented. These two points, the 24th 
and 8th from the top of the cane, or the 1 8th and 34th from the base, are marked 
by arrows pointing towards one another. The averages of the columns betwecji 
these two arrows are not truly representative, in that the shoiter canes are 
left out, and, in those that have organs, these are at varying distances from 
the top, and they become less and less representative the fuither we proceed 
from base to apex. To bring the total number of measurements to 32, nine 
columns have to bo left out, and the nine selected are those immediately 
preceding the last eight, as these measurements are taken from the smallest 
number of canes and are only representative of the longer ones. These nine 
columns are placed in brackets, and are no longer taken into consideration, and 
we are merely concerned in striking averages of the first 24 and last 8 columns. 
It will now be found that there may be a sudden break in the series from the 
24th to the 25th column, namely, where the omissions have taken place. It 
is necessary to smooth out this break and niake the fall to the last eight gradual. 
This is the first alteration which it is found necessary to make in the curve. 
But there is another point to be considered. In each series the lowest members 
are short, these are succeeded by longer and longer ones until a maximum is 
reached, after which a decline follows, until, in the terminal immature mem- 
bers, there is a rapid fall. As these maxima are reached at different points in 
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canes of diflferent lengths, the process of averaging largely rules them out. 

And this question of maxima is complicated by the not infrequent appearance 

of second or even third and fourth maxima, as if there was a more or less 

* 

defined periodicity in the growl h in length of the paits. In the general summa- 
tion, these secoi\dary maxima are also mostly ruled out. This is a serious, 
drawback, but, on the other hand, local, excessive variations, in individual 
canes, which may be due to many causes, are also ruled out, which is not 
such a disadvantage. It is thus (piite ])ossibIe to have a flat summation 
curve, in wliich tho iiulividual canes show several maxima and great 
individual variations from joint to joint. But these maxima should, as far 
as possible, be represented in the ideal cane, and their inclusion is one of the 
chief difficulties in our problem. 

The following m(‘thod, although somewhat arbitrary, has been designed 
to give each maximum when possible its value, it being inevitable that all of 
them are much less marked in the summatioi\ series than in the individual 
ca]\es. fn the table, each cane is studied as regards its maxima, and these 
are indicated by dots. Lines are then drawn between the maxima in adjoining 
canes, and dotted lines if the cai\es are not next to one another. By this system 
the general trend of maxima ii\ the whole series can be seen at a glance. In 
the table given as an example, there is a certain amouiit of ])eriodicity of growi^Ii, 
and three separate maxima are often present. The first six and the last^ten 
canes of the ta))le agree very (dosely in their period i(uty. Attention is now 
paid to the summation series at the bottom representing the averages of the 
columns. If this series shows maxima i!\ the right ])laces, as judged by the 
rows of dots and lines, and this is not infrecpiently the case, the figures an* 
left intact, providii^g that there is no sudden jump to the last eight immature 
members because of the removal of un rep resent alive columns. Jf the maxima 
are i\ot shown where they would be expected, or if there is an unjustifiable 
break in the curve just before the last eight, as is often the case, arbitrary 
alterations are made. But this is carefully safeguarded by making the 
alterations chiefly in Ihe non-representative series betweei\ the arrows. The 
amount of actual change is, however, very little, as will be seen from the 
typical, but rather simple, case shown in the table. Two maxima are duly 
reflected in the average series (the second maximum represeiding the second 
and third (rf the individual canes merged into one), and it is merely necessary 
to alter a few numbers, so that there is a less sudden fall, in the figures, to the 
last eight, than is justified from a study of the whole twenty in this 
region. 
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Many summation series have been allowed to stand unaltered, in others 
the last few numbers have been altered to allow a reasonable drop to the last 
eight, in others it has been found necessary to emphasize a maximum or to 
indicate a late maximum by the increase of one or two figures in the non- 
representative columns. In doing this, it is borne in mind that the averages 
of a series such as this are much more uniform than the individuals 
comprising it, whether early or late, long or short, as explained above. 

In obtaining the averages for the typical cane representing the whole 
Saretha or Sunnabile group, exactly the same procedure has been adopted, 
but, in place of the figures for individual cane varieties, the summation 
series of all the varieties are placed in the table, these varieties being of the 
same age and growing at the same place, under similar conditions. Similar 
precautions are taken as to the average number of organs, the position of the 
maxima and the smoothness of the series at the end. As will be seen in the' 
secpiel, the method is of service, \n that, not only do varieties differ from one 
another in these series, but the whole groups of Saretha and Sunnabile forms 
show differences which are of value in distinguishing them. 

Hut long series of figures are difficult to follow, and they have, accordingly, 
been plotted out in curves in which the characteristics of growth can be detected 
at a glance (Chart I). As examples of such curves, are appended those, 
representing the lengths of leaf sheaths in Khar, in the shortest and longest 
canes (Nos. 4 & 19) of the twenty measured and in one which has the average 
juiniber of joints (No. 8). Added to these is the ideal summation curve of 
the whole twenty canes examined. This latter is of meai\ lengt.h, is much 
more uniform than the curves of the individual canes, in that excessive 
variations from joint to joint have been ruled orrt, and the early arrd late 
maxima are indicated, although greatly reduced. The last few, immatrrre 
organs are not all shown, and the crosses indicate where they commence. For 
other lei\gt/h curves, refererrce may be made to the paragraphs ii\ Section V, 
dealing with the leirgth of the several organs in different parts of the cane, 
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V. DETAILED LIST OF OTTARACTERS TN WHICH DIFFERENC!ES 
HAVE BFEN NOTED, WITH TABLES OK MEASUREMENTS FOR 
THE INDTVIDIUL VARIETIES OF THE SAHETHA ANJ) SUNNA- 
BIJ.E GROUPS. 

The folloAviu^ ih llie li«t of oaiie varieties dealt witli in lliis paper, Avitli 
the loeality from whioh tliey were obtained. They are arran^^nnl in j'ron])s, 
ajul the Saretha ^noup is divided into its red aiul l)rowji seotions, and in eaeli 
set the varieties witli thinnest canes are placed hist (as judf^ed liy one of the 
cro]) experiments in 1917). The varieties in the Sunnabile j 3 (roup are jilaced 
approximately ojiposite to those of similar thickness i!\ the Saretha series. 
The names of jdaces in braok(‘ts are those of the farms from whence the 
varieties were immediately obtained. 

SAKKim Guuur 
KttlJid (l»ro\\ii) Ac a ).i 

(• II. 

1 3 (a!. Mija’wuipur), uKi 

/ Kdthd, ( Jiinlasjmr 
\ liainm (Shahj.), I* mmI) m'Ai 
I^Aci/r/, I’aiiijiot 
'('kin, .Migivrh 

I*.')' Chttnnff, Sli ilijalifmjHir 
* litinnthhd, ( \\\\ mji »i\> 

1\) A'aiMfir, ( jiiivla .piir 

\ ('hynia, H.irali, N. Oili.vr 
Burnt (^h it nnee (Slialij.), Haroilly 
1 -S Sdnlhd (liriiwn) ( Aligarh 

* Thevrt aro niaiiv Banndhns and linn is. 1 fanov, a local ('owni^ore name for a TV//??- like 
cauo grown thoro. 

This form is <juito difforont from the around Piisa in Bihar, a form }>elongiiig (o 

the Panaahi group. 



SUNNAHILK (Jr Ml' I* 

( in. 

1*.J 7’t/ a, ( hi rdiis nul- 

l’d Bdkhrd (Shahj.), Burahanki 

' Kkdi\ till! hinder 

i-r* 

Dhdulii, (hirda.^piir 

{ Kaghzp (Aligarh), Pilihhit 
httari (Sabour), Patna 
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^<areth 4 CjRour 

Mesangnn (groon) Section, 

cm. 

1*4 Mesangaii, .Julhmdor 

/ Sarethn (jj;rt*enj (.luldnilporo), Aligarh 

1-7 

\Jnijoi\atlna, Barah, X. Bihar 
1 S Khori (Sahonr), Biirdwaii 

1*9 Ilutlu Kabbu (Hagari), Xortli -western 
part of Madras 

- 0 ftantfo (^heni, Mysore 

2*1 Knlkya (Miinjii), Bombay 


SirNNABlLB UROUr 

liiii. 


1 lionm (Su hour), Manbhnm 

i liansi (Kagpiir), Bombay 
Snnnahih (.fubbulpore), Bom])ay 
2 0 *2*utli Khajee (Barnh), Assam ? 

(Khuh/n (Manjri), B«mibay 
2 1 •[ A’miwa/, Tanjuro 
\HttlU ('hani, Mysore 
2*2 DhoCf Sooni, Central Provinces 
2*0 Mojorah (Jorhat), Assam 


* The oiigiii of tliis cane In ol)sonre. It was obtaine<l as an Ass.ani caiio at Bnralt estate 
in Bdiar, 1ml the Assam Ajirieulinral Ih^partim^rit ha\e not met with it. It is a very distinct 
eane. 

A htiidy of this list brings out tMo facts. In the first jfiace, tlie thinner 
canes, generally, are found in fhe Punjab ainl United Provinces, and we come 
across tliitjker varieties as we ]>ass soutli-east to Assam and down the Peninsula. 
Secondly, the Saretha grou]) has the largest propoiidon of its members in the 
first named Provinces, being absent or only occurring sporadically in Bengal, 
Assam, and the South. The Sunnabile grou]), on the other hand, has ils 
greatest development in the latter tract and occurs oidy sporadically in the 
United IVovinces. Jt is interesting to note that each group is fairly Mell 
re])resented by a few primitive forms inthe Jhiujal). The order of arrangement, 
according to the thickness, here given, will be folloM^d in the tables at 
the end. 


Erectness of Youxo Shoots. ‘ - 

There is a marked d fierence in the Saretha and Sunnabile g oups in this 
resi)ect. (\)nsiderable attention has been paid to this character lor »i<'veral 
years past, inthe study of varieties and seedlings grown in the Cane-breeding 
Station. Observations have demonstrated that it is a stable character in the 
varieties and that it is inherited by seedlings from their parents (Mem. 2, 
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pp. .^6-39). Saretha and its class are characterized by considerable oblique- 
jiess in the young shoots, approaching Hacrharuyn Sfontaneim in this respect, 
where, on any river bank, luinierous seedlings may be seen which are at first 
j)eifectly flat on the ground. The members of the Sunnabile group, on the 
other hand, tend to produce rather erect young shoots. Observations were 
made on all the indigenous Indian varieties growing on the farm in 1915-16, 
wlien the plants were 5-6 months old, and figures have been extracted for the 
varieties now’^ being considered. In each row of young canes the deviation of 
the shoots from the veitical was measured by a clinometer, such as is used 
in measuring the dij) of strata in geology. Two figure's are recorded for each 
vaiiety and indicate the extremes met with. For example, Naanal 0° — 25° 
means that, wliile some of the shoots were vertical, the greatest deviation of 
the shoots from it was 25°. Taking the tw^o series and striking averages, 14 
members of the Saretha group gave 13°— 67° against 5°- -30° for the 12 KSunna- 
bile varieties measured, the extremes in the two groups being 10° 80° and 

0°— 45 respectively. This character is not an ahsolule one, and there aie 
cases of overlapping. Putli Khajee and Mojorah, for instance, in the Sunnabile 
group, are distinctly obli(|ue (Plate V). 

Habit and Mode of Growth. 

The Sunnabile and Saretha groups differ a good deal in general appearance 
in the field, although this character is not easily reduced to nn^asurement. It 
is, moreover, difficult to determine the exact period when comparative obser- 
vations should be recorded. These thin varieties, when grown in a few rows, 
soon require propping to keep them in their respective plots, and as soon as 
this is done all observations as to habit have to be given up. An exact 
study of habit has thus been largely precluded on the (^ane-breeding 
Station. 

The Saretha varieties are generally characterized by a spreading if not 
sprawling habit, the outer branches extending widely over the plot, and the 
grovt^h is irregular and untidy (J^Iate VI). It is easy, on the other hand, to 
keep Sunnabile varieties within the limits of their plots ; there is a tendency 
to a strict,, erect habit and the branches at the base are closer together. In 
this, as in other respects, the Saretha series resemble Saccharmn spontaneiijn 
in their habit. And this relative erectness of the two groups is emphasized 
by the character of the leaf tips. In the description of Punjab canes (Memoir 1) 
it was noted that the leaves of Katha, Saretha, Kansar and Lairi soon became 
bent at a sharp angle near the end, whereas this cliaracter was absent in Ptiaulu. 





PLATE VI. 



The Chin plot with branches bending towards the observer 

THE SPREADING HABIT OF THE SARETHA GROUP. 




PLATE VI 
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These appearances seem to be more or less general in the groii])s. The varieties 
in the Siinnabile group generally have strict, bayojiet-like leaf ends, and when 
the leaves bend, they do so in a broad continuous curve. This character of 
the leaf ends adds not a little to the general strictness of habit of the group, 
as contrasted with that of Haretha (Plate VII). 

Tillering. 

The indigenous canes of India are well knowii to have much greater 
tillering power than the thicker canes of the tropics ajid, in well grown clumps, 
as many as fifty canes are by no means uncommoii. All the varieties giowji 
at Coimbatore in the two groups weie examined with regard to this character 
at crop time, but this related oidy to canes, the shoots not yet forming canes 
being omitted. Another observation was, however, made for a dillerent 
purpose in which all the shoots above one foot in length were counted in five 
members of each group. 

(1) Each varietal plot (jonsisted of three rows, twenty feet long, and 
there were ten stools in each row. Owing to other demands, oidy one row 
(that is ten clumps) was available for <?ane counting at harvest. The figures 
obtained were generally low, owing presumably to the poor growth in the 
plots during this seasoji. The 8aretha class, g(‘uerally, had more canes 
than the Suniuibile. The greatest juimber of cajies was found in liahi (27 ])er 
clump), while Ramui and Rarra (^hannee followed with one less in each. In 
the Sunnabile group, the greatest number of canes was found in Bansa. where 
there w'ere 17. Several varieties of each series were specially poorly grow^i or 
destroyed by rats, but the general tendency was marked. The average 
number of canes per stool was 15 in the Saretha grouj) and 12 in the 
Sunnabile. 

(2) In connection w ith another piece of work, the canes and shoots over 
one foot in length wcic counted in a series of varieties during each month 
of the growing season, the last counting taking [)laGe just before harvest. 
In this series five of the Saretha and live of the Sunnabile groups were included, 
besides varieties belonging to otlnu* groups. The following are the results of 
the last counting. 

Saretha series : Chin 29, Saretha 28, Khari 24, Ilnllu Kabha 22, Gamia 
Cheni (poorly grown) 10. 

Sunnabile series : Kaghzc 20, Bansa 18, Sunnabile 17, Naanal 15, Dhor 
(poorly grown) 12. 
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The average numbers of canes and shoots over one foot in length in the 
two series Were 24 and 16 respectively. But certain other points may be 
noted in these figures. It will be seen, if reference is made to the list of varieties 
at the commencement of this section, that in each series the amount of tillering 
is the exact converse of the thickness of the caj\e in the variety, that is, the 
thicker canes have fewer branches. Also, the thicker varieties of the Saretha 
group, Khari, Hnllu Kabbn and Gunda Cheni, belonging to the Mesangan 
section, are intermediate between Chin and Saretha, belonging to the Katha 
section, and the Sunnabile group. 

We are justified by the figures in stating that the tillering of the Saretha 
group is greater than that in the Sunnabile, and this result is in accordance 
with the idea already expressed that the former group contains more 
primitive varieties. 

Dissection of Stools. 

The mode of branching appears to differ in the Sunnabile and Saietha 
groups. This has been demonstrated by a dissection of the stools in six varie- 
ties of each group, and the branching is seen to extend to a higher order in 
the latter group. For a discussion of this difference, reference may be made 
to the preceding special note on the subject (Section III). 

Flowekinc, AnthesIvS, Seed-eokmation. 

There is perhaps Jio character in which the Saretha and Sunnabile groups 
differ more widely frojii one another than in their frequency of flowering, the 
propoition of open anthers found iji the arrows and the ease with which seed- 
lings can be raised from them. The following are the results obtained during 
the exceptionally favourable reason of 11)15-16, when 35 indigenous Indiaii 
canes flowered on tin* farm. Saretha, Lairi, Katha, Kansar, all flowered jiro- 
fusely, a matter of special interest because 1 believe that the last three, being 
Punjab canes, have never been known to flower before. In the same group. 
Chin, Baraakha, Hallu Kabbu, Khari, Memnyan and Cheni also flowered. In 
each of these ten varieties some at least of the arrow^s had over 90% of the 
anthers open. Between 3,(X)() and 1,(K)0 seedlings were obtained from them, 
but this number could (‘asily have been multiplied ten times if it was thought 
advisable to do so. It may be mentioned that, in North India, a few canes 
flower sporadically every year and these are usually Khari and Saretha of this 
group, and they are practicially the only canes which do so, as it has been 
found safe, when noting cane arrows in a plot, to assume that either Saretha 
01 Khari present. Turning to the Sunnabile group, DAcr and flowered 
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in 1915-16; none of their stamens were open and, in tlie pans sown, not a single 
seedling germinated. None of the other members of the group flowered. 
The capacity for flowering and the fertility of the arrows would thus appear 
to be an important character in the separation of the two groups. 

Since writing the above, the 1916-17 results have become available. In 
the Saretha group, Katlia, Lalri, Mesangan, Kansu r. Chin, Chun nee, tiaretha 
(green) and Saretha (brown), Hullu Kabhu and Ganda Cheni flowered. The 
last named had 62% of anthers open in the arrows and all the rest over 80%. 
Hullu Kabhu and Ganda Cheni did not produce seed which germijiated but, 
wherever the others were sown, they produced masses of seedlings. Tn the 
Sunnabile group, Dhaulu, Ekar, Hotie Cheni, Kaghze, Pufli Khajee and 
Mojorah, all produced a few arrows, but in i\onc of these were any of the 
anthers open and no seedlings were obtaine<l in the pans sown. Here too, 
theji, the thicker members of the Mesajigan group showed an approximation 
to the Sunnabile group. 

NuxMber of Dead Leaves, LENcrni of Cane bkarixi; them, Lenotu of 
Livino Shoot, and Total LENcrrii of Plant. 

The gej\eral height of canes in the field is not readily dii-cornible in small 
plots where the plants are g?own in a few rows. The heavy nodding mass(»s 
have to be supported, and, this being especially the case with thin varieties, 
they lose more of their height than the thicker ones. But ceitain observations 
liave be(*Ji recorded which give us information on this point in an indirect way. 
These observations are detailed in the heading of this section, twenty cajies 
being carefully measured in each variety as usual. In the 191»j-16 croj), seven 
varieties of the 8arttha group and teji of the Sujuiabile were thus studied 
before the plots were destroyed. But the canes had been over tweK'e montlis 
in the ground, the plants were overgrown and the end ])oitions were twisted 
and shooting, so that the leafy shoots were frequently dryii^g and irregular. 
It was accordingly decided to repeat the observation.s on the 1916-17 crop at 
an earlier date, especially as a much larger number of varieties had been separated 
out as belonging to the two groups. Eighteen membeis of the Saretha gioup 
and fifteen of the Sunnabile were examined when about i\ine months old, and the 
leafy shoots were intact and vigorous, while the canes were still comparatively 
straight. But in this case, as noted elsewhere, the growth in many of the 
varieties in both sections was very poor and the figures must be considered 
as distinctly below the average. In spite of these dra\vbacks, the general 
agreement of the proportional figures in the tw'o sets of observations justifies 
the belief that there are real differences in the Saretha and Sunnabile groups 
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ill tlic oliarautcrs iiieiitioned. This may be seen from a study of the appended 
table. 


1915-16 

ovor-iipe 


1916-17 
9 months 
old 


Number 


Length (H' 


OF JOINTH 

vriTH 
OEAO 


I Saretha 
I group 


i Hunnabile 29-38 
I group 

Saretha 12-17 
I group 

I 

I I Sunnabile I 13—20 
I group 


LEAVES 

.5 

a 

S 2 4- 

S fell bi 

£ « t 

M > 

w < 

I 

23 
32 

16 


WITH l>EAI» 
LEAVES 


Length of 
SHOOT WITH 
LIVING LEAVES 


21-2.3 


So 
£ Sc 

X 

6 ir-8 2' 
6 10'-9 V 
3 3'-. 5 5" 


1612 9* 5' 7' 


“ o 
O) P 

B Sc 

t- ® u 

® 

K > 

w < 

7'i 75'8'-7' r 6' 5 
7 ' 5-4 4"-6 11 ' 5 11 

4' 8' 5' 2*- 8' 0' 6' T 


I 


Total length of 
PLANT 


4'2M'4'-7 1" 


5^11 



It ajipears from the table that, at any givTii ])eriod, there are more joints 
with dead leaves in the Sunnabile group, but, in spite of this, the portions 
bearing these dead leaves are longer in the Saretha series. From this it 
appears that the lower joints are longer in the Saretha grouj). fn the dead 
leaf poition, at twelve months or over, 2t‘3 Saretha joints measure 7' 7" while 
32 Sunjiabile only reaeh 7' 5". while at nine months 15 of the former measure 
t' 8" whih' 10 of the latter only reaeh I' 2". Further, the living leal y shoot is 
uniformly longer in the Saretha series by 0" or 8", and thus we arc jirepared for 
the independent results obtained in the measurements of the total lengths of 
the plants ol the twni sei ies laid out on the grouml. At crop time the average 
length of the Saretha senies was iV 0"to 13' 1" for the Sunnabile series, while 
the diflerence was greater at nine months when the figures were 11' 3" and 
10 1 respectively. These results tally with those given later, when it is showni 
that the average cane, joint and leaf are longer in the Saretha group than in 
the Sunnabile s< ries. 


Cane Measurements, 

(1) Length of bliijjpef/ vane, number of joints, average length of mature 
joints, average thiekness oj vane, and cane module* 

These characters have been noted at various times and in various places, 
but, for the sake of comparison, two only of these sets of observations will be 
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(joiisidertMl here, in that the varieties were grown together in adjoining plots 
under similar conditions. The first set of figures was obtained in the 191() 
crop when seven of the Saretha and 10 of the Sunnabilc groii 2 )s were measured 
and the second was obtained in the 1917 crop when 18 of the Saretha and 15 
of the Sunnabile group were grown. The measurements are summarized in 
the following table, where in each variety 20 canes were measured in detail 
from ground level to the young growing point. 


Average cam fneasaremenis in the Saretha and Sunnabile groups. 



1 

SaRLTHA OROll* , 

Sl nnabilk cjroi r 


1916 crop 

13 months old 

7 varieties 

1917 crop 

9 months old 

18 varieties 

1916 crop 

13 months old 
10 vatieties 

1917 crop 

9 months old 

15 varieties 

Lenjrth of stripped cane 

97-2' 

I 75*9" 

92- r 

64*0" 

Number of joints 

33 

26 

40 

27 

Average length of matuie 
joints 

3 9' 

3*8" 


3*0" 

Average thickness of cane 

0*67" 

0*66" 

0*77" 

0*74' 

Cane module 

146 

11.5 

119 

S7 


Th(‘ length of stripi)ed cane, from ground level to the first joint at the 
apex one-tenth of an inch in length, is constantly greater in the Saretha 
series, whereas the average number of joints is as constantly less in this 
grou]). It is not therefore surprising to note that the average length of 
mature joints (omitting the last eight, immature ones at the apex) is greater 
in the Saretha than in the Sunnabile group. 

The thickness of cane has been averaged as described in the next para- 
graph, and there is a close approximation between tiie results obtained and 
those taken more casually, in a general survey of the whole of the canes of 
each variety at crop time, when they w ere laid out on the ground. The canes 
of the Sunnabile group are, on the average, thicker than those of the Saretha 
series. Ajid this fact, taken with their comparative shortness, causes the 
cane module (length divided by thickness) to show a greater difference still. 
The cane module is much higher in the Saretha group, indicating that, 
as a class, the canes are thiimer and longer than those of the Sunnabile 
varieties. 

(2) Ocahiess and thickness in different parts of the cane. The estimation 
of these is based upon the same series of measurements. To obtain the 



1^1 


htUDIES IN INDIAN stlGAftCANfcs 


thio'kiicss, each caacis measured in fclirpe places, at the base, in the middh; and 
at the liighost mature joint, and these measurements are made, by means 
of calipers, in two directions, median or in the plane of the bud, and lateral, 
or at right angles to it. 



SVHKTIIA 

Oiiour 

Si NNABILE GKorr 


lOMiclop 

1917 crop 

1916 crop 

1 1917 crop 


i' cm. 1 



cm. 

cm 

cm. 

liasc 

1 

1-60-1-60 • 

1 

167-1-72 

1*85 1*93 

1-83.1-90 

Middle 

... 1*66-1*74 

1-70- 1*75 

1*88-1*99 

1*88 1 96 

1’op 

163-1-70 ' 

1*51 -1*56 

1*89-2*03 

1*67-1 -7:) 


Of tlu'se figures the first is always lateral, and it is seen that ovalness is a 
constant character, the median thickness being always greater than the lateral. 
There is little difference beweeu the two groups in ovalness, but Hunnabilc 
canes are slightly more so than San'tha. It was noted in examining tlie canes 
that a few of th<‘ thinner Saretlia varieties had almost cylindrical canes- -a 
ruth(>r rare ])henomenon and this probably accounts forthe difference in the 
averages. As to thickness in different parts, at nine months, the middh* of the 
cane is thickest, then the base, wliile the apex is thiirnest. This thinness of 
tlie ape.x is less pronounced in. the mature canes (Hflti crop) and, indeed, 
comlitions are reversed and tlie apex is thicker than the base in both series. 
This IS e.specially noteworthy in the Sunnabile series, where the apex is thickest 
111 njie canes and the Imse the tliinnest. Thickening of the ajiex in Indian 
canes is by no means an unusual character, and it is probably the Saretha 
seiies ratlier than tlie bunnabile which is e.xiiejitional in this respect. 

(.5) //le auuihon m the Uinjlh oj joiui hi iHJJ'nriil jiuHn of the. vom' can 
best be studied in tlie accompanying curve, in ('hart If, which represent a 
summation of the curves of all the varieties in each group. As before, there 
are two sets of measurements, those of the lOKi and 1!)17 crops, and in each 
case 2(1 canes were taken in each variety and the length of successive joints 
measured from ground level to the apex, until a joint only onc-tenth of an 
inch was.reache,l. It a ill be obvious that the preparation of these curves has 
entailed a vein considerable amount of labour. To measure the joints in a 
variety whose 2(» canes average .Ti joints each, means (ill) individual measure- 
»ients,aiid the summation series of 7 such varieties means 1, 180 measure- 
ments. The Sunnabile curve of lOKi is based on 8.200 measurements, while 
that of the 1917 series is the result of a yet greater number of measurements. 
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The following arc the average lengths of joints of Sar(‘tha and Sunnabilc 
in the two seasons, in inches: — 

1910 crop. Saretha series. 7 varieties. :i*7, 1*1, I’o, I’?, 1‘0, iMi, 1*5, 1*5, 

1-1, 1 : 1 , 1*2, 1*1, 1-1, 4-1, t o, 3*9, 3*8, .3*7, 3*5, 3*3, :3*J, 2*9; 

2*7, 2-5, 2*3, 2-0, 1*8, 1*5, 1*0, 0*5, 0*2, 0*1. 

Sunnabile series. 10 varieties. 2*0, 2*8, 3*1, 3*3, 3*3, 3*1, 3*1, 
3*3, 3-3, 3*3, 3*3, 3*2, 3*2 3*2, 3*2, 3*2, 3*2, 3*2, 3*1, 3*0, 2*9, 

2*8, 2*7, 2*0, 2*5, 2*3, 2*3, 2*1, 2*1, 2*0, 2*0, 2*2, 2*0, 2*1, J*9, 

1*7, 1*4, 0*8, 0*4, 0*2, 0*1. 


1917 crop. 


Saretha series. 18 varieties. 3*J, 1*0, 1*3, 1*5, 1*0, I*], 1*3, 1*1, 
4*1, 3*9, 3*7, 3-5, 3*3, 3*2, 3*0, 2*9, 2*9, 2*8, 2*7, 2*3, 1*8, J*l, 
1*0, 0*5, 0*2, 0*1. 


Siiiuiabile series. 15 varieties. 2*7, 3*J, 3*3, 3* I, 3* I, 3*5, 3*5, 
.3*1, 3*1, 3*3, 3*2, 3*1, 3*0, *2*8. 2*8, *2*7, 2*i, 2*3, 2*2, 2*1, 1*9, 
1*7, 1*3, 0*8, 0*1, 0*2, 0*1. 


Ihit these figures convey comparatively little to tlie mind, and they are 
accordingly plotted out incurves where thcblack lines referto the Saretbi 
and the red ones to the Sunnabile group. The thiniUM* lines, in each case, 
refer to the nine months (1917) cro|>. and the heavy lines to tln^ fuller 
grown 1910 crop. 

(1) (^t(rc(\s. The two Sar(‘tha curv(‘s lesemble ojie another in their high 
conimencemejit, their rapid ascent and steady decline after an early maximum. 
The Sunnabile curves, on the other hajid, start lower, have a more gradual 
ascent to a low’^er, later maximum, are more tardy in their descent and 
ultimately cross the Saretha curves. The curves are lower, flatter ajid longer 
in the Sunnabile series. In tlie Saretha series, the joints are longer at the base 
and rapidly increase in lengtiitothe Ith or 5th joint, after which they steadily 
<lecline to the apex. Li the Simnabile series, oii the other hand, the basal 
joints are of average length, they beciome longer upwards till the 6th or 7th 
joint and after that gradually decrease in length, with occasional sections hi 
which succeeding joints are of ecpial length. There are more joints in the 
Simnabile series, so that before the immature, apical joijits readied, they 
overtake the Saretha series an<l are at the end longer tJian these. In the 1916 
canes the 23rd joijits are equal and the succeeding oJies in the Sunnabile curve 
are longer, to the end. These general characters of the curves of joint length 
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ill the two groups of canes should be borne in mind, because they arc more or 
less repeated in the length curves of the leaf-sheath and lamina, and emphasize 
the fact that the organs in varieties of the Saretha series are longer than those 
ill the Sunnabile group, and that the maximum development takes place earlier 
in the former group in all cases. The Saretha cane develops more rapidly in 
all its paits. 

We have now at our disposal the data on which to build the ideal cane for 
each group, in that we know the relative length of joint in each, as well as the 
variations in thickness at different points, and to complete the picture a 
reference may be made to a preceding paragraph where the thickness of the 
canes in different regions is discussed. In preparing such a scheme for an 
ideal cane, it must of course be borne in mind that the>se particular cuiwes 
refer only to canes of the two grouj^s grown in the Cane-breeding Station. 
The growth of canes of any one variety varies considerably with climate and 
soil, as has been abundantly demonstrated by measurements taken at various 
places in North and South Lidia. But the main differences between the two 
groups, shown by the measurements and ciu ves, ajipear to hold good wherever 
the canes arc grown under identical conditions. 

Colour of Cane. 

Observations on the colour of canes are extremely dillicult, and the results 
arc often confusing. This is not only due to the fact that the colour of a 
joint varies constantly with its age, but also that it is affected by the presence 
or absence of bloom (which is often pertially rubbed off), and the blushing of 
parts which have become accidentally uncovered by the leaf- sheaths and 
exposed to the sun and weather. Furthermore, the colour of some canes is 
known to change considerably after being cut, while it does not in others, 
and the same ajiplies to canes taken from one locality to another, where some 
assume a totally different tone in the new conditions. The present summary 
is based upon a series of observations at different stages of growth in the canes 
harvested in lldO and 1917 in the Cane-breeding Station, checked to a large 
extent by notes on their colour in the localities from which they have been 
collected. The views of different observers have been collated, and these 
latter included general, bulk observations made in the field and detailed 
analyses, joint by joint, in the laboratory. 

One of the first results of this study has been the discovery of a distinct 
cleavage, in the Saretha group, into those which develop brown markings on 
the stem and those that do not. The former include most of the thin, primitive 
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canes of the Punjab and neighbouring parts of the United Provinces, whereas 
the latter consist chiefly of the thicker canes of Bihar, Assam, and the Peninsula. 
But, just as, in the Saretha and Sunimbile grouj)s, prototypes were met with 
in Katfui and Dhnuhi of the Punjab, so here, a primitive, green cane of the 
Saretha group is met with growing with these, namely, Mesanqan. 

The browi\ canes of the Saretha series, which may be termed the Katha 
section, are as follows, in the order of thickness : Katha ^ Kamni, 
Lalri, Chin, Chunnee, Baraukha, Kansar, Chynia, Barra Channee, Saretha. 
Those of the Mesangan section are Mesangan, Saretha (often called Dhaur 
Saretha), Jagaymthia, Khari, Hulla Kahbu, Ganda Cheni, Kalkya. With the 
exception of Memy\gan, the whole of its group are almost as thick or thicker 
than the thickest of tlie Katha section. This division of the Saretha group 
into two sections appears to be a real one, for, although united in most characters 
and op])osed to the Sunnabile grouji in these, they differ in a number of charac- 
ters, \n that the Mesangan sectioi\ often ten<ls to occupy an intermediate posi- 
tion between the Katha section and the Sunnabile group. 

Tn the following description of colour in the stem, it will be found con- 
venient to consider the growth ring and the root zone separately. The rest 
of the joint will be studied, in succession, as to its general tone of colour, striping, 
black incrustations (cell outgrowt.hs), bloom, blackening (fungus on bloom), 
and corky markings. The two sections of the Saretha group will, as far as 
possible, b.^ taken together, differe]\ces between them being pointed out where 
they have been observed. 

(1) Geyieral colour. Saretha group. Colour much obscured in the lower 
parts by weathered bloom, and usually dirty fhere. Brown, bone yellow, 
green or grey, occasioi\ally light purple (brown, covered by bloom) at the 
base, passing upwards to yellow, glaucous greeJi, green yellow or grev, and 
finally to greyish or glaucous or whitish green or even white at the to]) owing 
to excessive bloom. In the Mesangan section the browns are absent or 
extremely rare and, consequently, the joints are rarely light purple. The browji 
occurs as patches, or streaks or a general tone, and increases with age. It is 
therefore more marked in the lower parts of the mature cane. 

Sunnabile group. Brownish stone-coloured or glaucous yellow, occasion- 
ally green, below, passing upwards to clear light stone or greenish yellow, with 
distinct green patches at places where the cane is bent ; finally, to clear stone 
yellow, occasionally greenish yellow or dull green, at the top. Putli Khajee 
is a vivid grass green cane and Ketari has a general greenish tinge, when coup 
pared with the rest^ 
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’ (2) Striping. The observations on this point must be considered incom- 

pJete, for, with only 10 to 20 canes examined, it is quite possible that the 
character may have escaped notice, and may be only very occasionally present. 
Striping has not been met with in any of the Katha section of the Saretha 
group, four out of seven of the Mesangan section have show!\ it, while it has 
been noted, usually with gieat ease, in fourteen out of fifteen of the Sunnabile 
group, DIkiuIu alone aj)])earing to be without it (in the observations recorded). 
This striping is extremely faint and consists of fme purple lines on the lower 
parts of the ca]\es. 

(3) Bhrk incntslatioHs. 'Phis is a marked character in all the varieties 
of the Saretha group and is totally absent in the Sunnabile series. It is there- 
fore a prime cliaracter. Its nature has long bee)\ a puzzle, but a series of sec- 
tions have demonstrated that it is caused by the ei\largement and pr(»trusion 
f>f certain epidermal cells whose contents assume a brown and ultimately 
charcoal l)lack colour, ft is an obvious roughness on the surface and hence 
has the appearance of an incru^lation, and was at first thought to be caused 
by the bites of minute insects or mites ; but no exuviae of any kind have been 
foimd. ft oc(Jurs typically in the groove which is al)sent iji the Sunnabile 
group- -but may extend to all parts of the joijit, and sometimes occurs in su(th 
masses that it gives a chara(jteristic (colouring to the whole cane, especially in 
its upper part. It is worth while recording that a similar black or browi\ 
incrustation is v<‘ry commonly met with on the stems of Saccharnm spnntanenm. 
including the Dacca Avater form. 

(4) Bhom. The Avaxy layer of the epidermis a]) 2 >ears as thhik layers of 
Ijloom in the 8aretlia (dass, es])ecially iji upper parts of the canes, ft is some- 
times difficult to make out the limits of the bloom band, because of the extent 
to Avliich this layer of bloom descends over the joint, and it is not uncomnrou 
for the whole uj)per |>ait of the cane to become grey or even AAdiitc because of it . 
The Katha section has more Idoom than the Mesangan and this adds to tlu* 
differences of the two sections hr colour. The bloom bands, excepting in the* 
case noted above, are rather distinct in the group, but become obscured by 
Aveathering in the Ioaati’ ])aits of the cane. In the Simirabile grou]) the bloom 
is not heavy and it descends over the cane surface to a much less degree. The 
bloom bands are not usually so corrspicuous, but this is ])artly due to the 
yellow colour of tire canes : in PutJi Khajee,R bright green c?ane, the bands 
stand out very distinctly. The quantity of bloom on the canes of the tAA’o 
groups varies very consistently ai\d this character is therefore one of some 
importance, 
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(5) Bhcl^mmg is induced by the ^(rnwfcli of a minute fungus upon the 
bloom or waxy layer of the outer walls of the cpidcr?nis, and is ])reseut in all 
canes. Although variations in blackening have not at present l)een studied 
in different localities and climates, it would be natural to suppose that , where 
there are thicker masses of wax on tlie stem, the blaek<M\ing would be more 
widely s])read and denser. This, however, does not a])pear to be the case, 
although there is a considerable difference iji its occurrence in the Siinnabile 
and Saretha groups. In the varieties of the latter, with large (piantities of 
bloom, blackening is fairly common, but it is ratlier fai!\t aiul diffused, as if the 
(jane surface liad been lightly smudged with soot. On the other hand, in 
almost all of the Sunnabih^ group the })lackening, wliether abundant or com- 
paratively scarce, is intejise and sharply circumscribe<l, contrasting markedly 
with the bright yellow stems. Blackening of the stem is thus a character of 
some use in separating the two grou])s. 

(6) Corly markings. These are, as already intimated, (‘sstmtially splits 
in the epidermal layers, although it usually recjuires a lens to determuie this 
fact. They wiu’e called ivory markings iji Memoir 1, but the present term 
appears to be more suitable, ft ai)pears possible that the locality in whic^h 
a cane is grown may have considerable influeiuJe on their development, in that 
canes, whicdi were Jioted as having very few corky markings in their native 
habitat, have developed them copiously at (^oimbatore and vice, versa, (V)rky 
markings cajmot therefore usually be cojisidereda charactter of much im])ortance 
in classification. When we remember, however, the black incrirstaHons which 
are so uniformly present in the Saretha series and as constantly absent in the 
Sunnabile vai’ieties, it is worth while examining the corky marking.s of the two 
groups more carefully, as in each case we have to do with the epidermal laver 
of the ca]\e stem. A careful study of the corky markings, in the different 
varieties comprised in the two groups, has convinced me 1 hat there i.s a difference 
in their mode of development, although this is not easy to expiess. For one 
thing, these markij\gs are, witli few exceptions, much more abundant and 
striking in the members of the Simnabile group. Aiul there seems to be a 
difference in tlieir mode of development, as will be seen from the following. 
There appear to be three ditferei^t modes of occurrence in the cane varieties 
under discussion. 

(a) Jjong, thick, j>arallel lines, rather widely separated and extending 
from the base of the bloom band about two-thirds down the length of the joint. 
This form is practically universal in the Sunnabile series although not noted 
in the Saretha varieties. It not infrequently happei\s that, in a cane with 
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comparatively few corky markings, a joii\t is met with high up, which is simply 
crowded with them, but the meaning of this is not apparent. 

(b) Short, fine, wavy, closely packed markings, occurring hereand there 
over the joint, and those at the top sometimes passing into the bloom band. 
This form is more frequently met in the Saretha series, although it also occurs 
between the strong parallel lines in some Simnabile varieties. 

(r*) Short, irregular sj>lits, obvious to the naked eye as such, which appear 
as cracks through the bloom band. These cracks are unlike the corky markings 
mei^tioned above, but are presumably of the same nature, in that the other 
forms sometimes pass into them. They are pre.sent iti many varieties of both 
series. l/o//e Cheni has been singled out as a form in which all of those forms 
of corky markings are abundant. 

('^ The colour of the growth rings and root zones, like the bloom band, 
sometimes adds considerably to the general effect of the cane colour. Thus 
the strong white bloom bands, contrasting with the brilliant green of Pufli 
Khajee, give it a very striking appearance. In the same way the effect of the 
colour in the growth rings and root zones depends on the general tone of the 
cane, and the bright green colour of these bands in Putli Kh/tjee makes it 
difficult to distinguish them. The colour of the growth rings depends a good 
deal on exposure, the gei\eral tendency being for them to assume a darker 
colour in exposed joints. This is especially noticeable in the brown canes of 
the Katha section of the Saretha series, where the colour is usually strongest 
at the upper aiul lower nrargiu of the ring. This dense browning of the growth 
rings adds considerably to the general browm effect of the cane colour. The 
colour at this part of the joint is usually rather lighter in the green canes of the 
Mesangan section, but the contrast wuth the glaucous green or glaucous yellow’ 
of the rest of the joint ofteii renders them distinct. In the Sunnabile group, 
on the otlier hand, the gro^vth rings are distinctly fainter, being often rather 
brownish yellow thai\ brow^j\. They are usually most clearly seen in the 
middle of the cane, where they contrast sharply with the clear stone yellow, 
but they are obscured below by their similarity to the general cane colour. In 
the younger parts, the growth rings assume a greener tinge. This is especially 
the case in the canes of the Katha series, where they are often narrow and 
distinctly depressed. They are green or browm green in the young jojirts of 
the Mesangan section and often more browm than green in the Sunnabile 
group, where also the de])ressed character is less evident. The root zones are 
not usually very conspicuous, often taking on the colour tone of the rest of 
the oane. They are, however, generally paler or yellower. They may be 
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(leacribed as brownish crefun below, gradually becoming a lighter cream colour 
and often bloomed in the young joints at the top. The root zones of the 
Suunabile group appear generally to blush a bright green on exposure, anu are 
then very striking, as the eyes remain a clear yellow. There are traces of 
this green blushing ii\ the Mesanga'n section of the Saretha group, but it 
appears to be absent in the brown canes of the Katha section. 

Joint Characters. 

The characters of the joint have been largely included in the preceding 
(lesorijition of the cane as a wliole. Such are the number of joints in the cane, 
their average thickness and length and the thickness and length in different 
parts, the colour of the joint, including bloom band, root zone and growth 
ring. A great deal of time has been spent in observations in the shape of the 
joint and descriptions have been recorded from time to time on the aspect of 
the joint both in the median and lateral planes. But, although it is felt that 
there are differences, these are not very striking or easy to put down clearly. For 
one thing, the shape of the joint varies a good deal with its length, differences 
in diameter at various points being emphasized in short.er joints, and this 
introduces a fuither disturbing element in the analyses. There are, however, 
a few other points, not yet dealt with, ij\ which joint differences have l)een 
noted in tlie varieties of the Sunnabile and Saretha groups. 

(1) Groore. The presence or absence of a groove or depression immedi- 
ately above the bud, often considered ot minor moment, turns out to be a 
cliaract/tT of first importance in oiir comparison. The groove is always present 
or indicated in the Saretha grou]), while it has at present never been met with 
in any variety of the Sunnabile group. The groove varies, it is true, a great 
deal in its development, sometifues extending distinctly from the bud to the 
bloom band above, and at others merely indicated by a flattening of the surface 
or a small depression above the bud, the rest of the joint being evenly rounded, 
ft is worth while drawing attention again to the black incrustations already 
described, as there seems to be a distinct connection between these and the 
groove, and both are characteristic of Saretha canes. 

[2) Circlet of hairs. The vestiture of the leaf scar appears to offer useful 
distinguishing characters. This might have been expected, because we have 
elsewhere been led to consider the circlet of hairs, with its attendant scar band 
of felt, as suggesting a primitive relationship. This circlet of hairs is well 
developed in and characteristic of all the mombervS of the Saretha series. There 
ii^ 9 ornc evidence that its development varies to some extent with climatic 
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conditions, for in 1916 it was poorly shown, but in the same canes it was well 
developed in earlier years, both on the Cane-breeding Station and in their 
native habitat in the north. In the Sunnabile group, on the other hand, the 
circlet of hairs is altogether absent or present only in the lower joints, and 
then rapidly disappears upwards, although this is not so pronounced in Bakhta 
and Kaghze, 

(3) Scar band and scar line. Below the circlet of hairs and passing into 
it from the bloom band is the scar band. The latter consists of a band of close 
pubescence, of a dull dark or grey, sometimes greyish green, colour, while the 
scar line in the same i)osition is, t)rpically, a sharp, smooth, hairless, dark 
browji line. In some cases it is difficult to distinguish between the scar band 
and scar line, as the latter may be broad and ill-defined and the former may 
be rather sharp and narrow. But, taking the varieties as a whole, the Saretha 
group is characterized by the presence of a scar band while the Sunnabile 
varieties, as distinctly, show a scar lii\c. This scar line in the latter series, on 
the other hand, is not nearly so distinctive a character as the sharp, dark 
brown line of the Mungo group. It is often broad and rather ill-defined, so 
that it is sometimes difficult to separate it from a band in certaij\ parts. 

We have now met with three characters which iioint to the Saretha group 
comprising more primitive varieties with distinct connecting links with Saccha- 
rum spontaneum, for the circlet of hairs is often abundantly developed in the 
latter. The dissection of the stools, black incrustations and circlet of hairs 
all show such a relationship, and in each of these particulars the Sunnabile 
series is sharply marked off from the Saretha group. 

(4) Growth ring. These are usually definite, at the upper and lower 
margins, in both series, although, in certain of the Saretha series, the upper 
margin is wavy and there is a tendency for the dark colour of the growth 
ring to invade the joint above and root zone below. This definiteness it may 
be remembered is absent in many of the Mungo group and in many thick 
canes.^ The growth rings are usually not wide excepting at bends. From 
a series of measurements in the laboratory, it appears that the width of 
the growth ring bears no relation to the size and thickness of the cane. The 
averages of the measurements of breadth are as follow in 10 canes of each 
v'’ariety (toj), middle and bottom being separately measured) : — 

Saretha group Brown section .. .. Q-IT 

I^G Green section . . . . 0*14'' 

Suimabile group . . . , , . 0*08"' 

^ M«m. 1, p 23. 
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Thus the Sunnabile group has considerably narrower growth rings. It is 
possible that this may have some relation to the fact the Sunnabile canes are 
straighter, thicker, shorter and less liable to bending, for the growth ring 
consists of meristematio tissue which comes into activity and broadens where 
any bend occurs. 

(.')) Root zone. Measurements of the width of root zones lead to a different 
result. The thinner canes, generally, have narrower root zones than the 
thicker. The following are the averages of measurements taken at the same 
time as and similarly to those of the growth ring. 

Saretha group Brown section 

Uo. Green section 

Sunnabile group 

The root zones of the Sunnabile group are thus considerably wider than 
in both of the Sxretha sections. Tlii.s is more striking in that the growth 
rings are narrower in the Sunnabile series, and the relative width of growth 
ring and root zone in the two groups is very different. The root zone is almost 
half as wide as the growth ring in the Saretha group but less than a quarter as 
wide in the Sunnabile group. 

The shape of the root zone, wJien viewed from the side, appears also to 
differ, but it is not easy to jiut this down clearly. In Saretha the root zone is 
usually slightly swollen in the lower pirt < f the cane, then becomes straight- 
sided and then, towards the ape.x, it often narrows downwards. In thi‘ Sunnabile 
scries it is not usually swollen below and ({uickly passes to the condition of 
narrowing downwards. Of course, swelling below is dependent upon the stage 
of development of the adventitious roots, but the canes examined were all 
resting in this respect. 

The root eyes seem to differ rather more in the two groups. They are 
usually very difficult to make out in the joints of Saretha varieties and are dis- 
posed in two or three equidistant and more or less similar rows. In Smmabile 
they are usually more distinctly visible, are rather more abundant (2 4 rows) 
and are characterized by the lower row being distinctly separable from the re.st. 
The eyes are much larger in the lowest row, and there is often a con.siderable 
space between it and the rest, which are congested in the upper portion of the 
root zone. In Putli Khajee the eyes are especially numerous, tho.se ot the 
lower rows are large and corky and nm into one another, while the upper rows 
are very irregular and consist of closely packed small eyes. 

To sum up the differences observed, other than colour, in growth rings 
and root zones, Saretha has wider growth rijigs and narrower root zones and 


0 - 25 " 

0 - 34 " 
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the ey(*s iu tlie latter are imiforinly disposed in two or three rows. The 
growth rings are narrower in the Siumabile series and tlie root zones are wider, 
and often contain more rows of root eyes, the lowest of which is separable 
from the rest and has eyes of a considerably larger size, 

Bud Charaoters. 

Tn comparing varieties of sugarcane, one ahvays turns to the bud, as an 
organ in which it is safi* to find differences in one form or another. The buds 
have therefore been subjected to a careful scrutiny in all the varieties under 
consideration. In both classes they are distinctly small, often not exceeding 
the growth ring in length and, consequently, such differences as exist must be 
packed up into small compass. Furthermore, on separatir\g the Katha (brown) 
from the Mesangan (green) sections of the Saretha group, the latter is found 
to be transitional between the Katha section and the Simnabile series, and this 
introduces complications which were not understood until the two Saretha sections 
had been separated. I?i the nature of things, the study of such small buds 
has tended to become microscopic, and such differences as have been noted are 
likely to he less useful in separating the two classes in the field. The compara- 
tively dry climate in which the canes are grown at roimbatore does not admit 
of much shooting of the buds, and this character is generally absent, excepting 
at the to])s of canes which have flowered ; and, as we have seen, the Saretha 
group flower much more freely and regularly than the Sunnabile series. This 
shyness of shooting is, however, of great advantage for our general study, 
in that the buds, although mature, are resting. 

(1) Bursting, In the Saretha group, the bursting of the buds is generally 
apical, as indicated by the convergence of the veins of the lowest bud scale. 
Occasionally buds show dorsal or more frequently high dorsal bursting, but 
these are usually low down on the cane and are practically confined to the 
Mesangan section. In the Sunnabile group the bursting of the buds is dorsal, 
with occasional exceptions in the upper part of the cane. 

(2) Size, All the varieties, excepting Mojorah, have small buds. They 
are smallest in the thin canes of the Katha section, while the thicker members of 
the Mesangan section and the Summbile group have practically equal sized buds. 
The average variations in length are as follows -Katha section 0*17'^— 0*3", 
Mesangan section 0*22'' -0*32", Simnabile group 0*22'^ — 0*32^ from which 
average lengths of 0*23", 0*27^ 0*27'' may be deduced. This seems to indicate 
a close relationship between thickness of* cane and length of bud, but a study 
pf the individual varieties s^iows a fair number of exceptions, and it cannot be 
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taken as a general mle. The relation between the width of root zone and the 
length of bud is, however, more instmetive. The following are the proportional 
figures — root zone to bud : — Katha section 0*22'' : 0*23", Mesangan section 
0*25" : 0*27", Sunnabile group 0*34" : 0*27". In the latter group the buds appear 
to be shelter than in the Saretha series as a whole and this appearance is 
explained by their frequent failure to reach the growth ring in the lower parts 
of the cane. The bud in the Sunnabile group is also lengthened by the addition 
of the flanges, which often form a broad ring round the apex, which is not the 
case in the Sarctha series. In the Saretha group, the buds usually reach the 
groAvth ring in the lower pait of the cane and exceed it in the upper. In the 
Sunnabile series the bud often fails to reach the growth ring below, and com- 
paratively rarely exceeds it above. 

(3) Form» In form the buds of the different members of the two groups 
vary a good deal. On the whole those in the Saretha group arc more pointed 
and may often be described as ovate, whereas (partly because of the border 
flanges) in the Sunnabile series they are more oval. In both groups the buds 
are occasionally truncate and in the Sunnabile varieties sometimes even 
emarginate at the apex. 

(4) Colour marks. The buds in both series are fiequently marked by 
flark brown colorations. Those marks arc found more frequeiitly at tlio base 
and along the edges of the scale in the Saretha group, whereas in the Siumabile 
varieties it is the flange surface which is usually browned and this causes the 
colour marks to converge upwards like the head of an arrow. 

(5) Place of origin. All the buds arise at the leaf scar, at any rate in the 
lower part of the cane, and there is no trace of cushion. There is, however, 
a steady tendejicy in the Siumabile series for the upper buds to arise a little 
above the scar. The Mesangan section is transitional in this character to the 
Katha section, where this higher origin of the bud has ]iot been observed. It 
will be remembered that the high origui of the buds and the a])pearancc of a 
cushion are characteristic of the Pansahi group of canes. 

(()) Flanges. There are marked differences between the two groups in the 
flanges of the lowest scale of the bud. fn the Saretha group they are usually 
narrow, their outline is not readily traced and is often obscured by bristles. 
In the Sunnabile grou}) they are, on the other hand, well seen, being fairly 
broad and often free of bristles, and forming a broad border roimd the apex 
of the bud. 

(7) Bristles. Bristles are fairly well developed and sometimes abundant 
in the Saretha group but are sparse, irregular or almost absent in most of 
the Sunnabile series 
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(8) Basal patches. These are well and typically formed in most of the 
Saretha series, often consisting of closely parallel, curled or crisped patches 
of shining white hairs, on each side of the lower part of the bud. They are, 
with few exceptions, poorly developed in the Sunnabile series, where they are 
often indicated by a pubescence or roughness iji which it is difficult to make 
out individual liairs. In one or two varieties, however, they are well developed 
and cousj)icuous, as ii\ Patli Khajee and, to a less extent, in Banst. 

(9) Minuk black hairs. These were first observed when comparing 
Kafha with Bhaala of Gurdaspur. Their presence or absence is found to be a 
general cliaracter for the two groups of wliicli tliese varieties are the prototypes. 
They are practically absent in the Katha secjlion, generally present in small 
numbers in tlie Mesangan group, and usually abundant iji all parts of the bud 
in the Sunnabile series. 

The study of tin' buds iji tin' Saretha and Siuuiabile varieties has led us 
into a series of minute and apparemly imimportant characters. It should 
liere be em])liasized tliat the bud is practically an epitome of the vegetative 
shooti (»f the cane, and there is liitle doubt that the descriptions given err, not 
on the side of tlu' minuteness, but in being less microscopic than they ought 
to have l)een. The excuse for this is that there has not been sufficient time to 
carry the observations further, an<l fhat, perlia))s, the more general descriptions 
recorded abov^e will serve the ])urpose of this paper. We have seen in each 
characjter examined that difiereirces have b('en re(;orded, whether in bursting, 
size, colour marks, origin, flanges, or hairs on the bud, and this has justified the 
large amount of time spent on this paii. of the cane plant. 

Leaf Sheath. 

The leav^es of the sugarcane offer a perfect mine of characters whereby 
the different varieties may be distinguished, and there is little doubt that many 
more would reward a ])atient study in other directions. There is evidence that 
microscopic features such as the siliceous ])rctrusions from the epidermal cells, 
the numbers and arrangement of the stomata, and so forth, would offer differ- 
ences and, doubtless, a study of the anatomy of the leaves would add to these. 
The characters dccdt with here are macroscopic and hardly require the use of 
a low-powered hand lens. With the exception of the detailed measurements 
given later J most of them can be readily observed in the field. The leaf sheath 
is treated separately from the lamina and the ligule and ligular processes arc 
included in it. The folio Aving are its more obvious characters. 

(1) Colour. This is complicated by the fact that a large portion of the 
leaf sheath in the growing shoot is covered by those lower down on the stem. 
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The colour of this covered portion is usually yellow or green or a mixture of the 
two. Bloom is usually absent in this covered portion. When the leaf sheath 
is exposed, it assumes some form of green colour, this depending largely on the 
quantity of bloom present. Differences occur in the varieties of each group, 
and it has not been found possible to introduce uniformity in the groups. In 
the Katha section the colour of the exposed leaf sheath is a dark bluish green, 
turning greyish green where there is bloom. Tn the Mesangan se(jtion the 
colour is grey green to full green, while in the Sunnabilo group there is a good 
deal of variation but the greens are often light in tone. 

(2) Bloom, A similar lack of uniformity in the members of each group 
is met with in the (juantity of bloom on the leaf sheath. Katha and Mesangan 
sections show hardly any bloom, and, in the former especially, the exposed 
part of the sheath is frequently shiny. Bloom is slightly more developed in 
the members of the Sunnabile group and there is a good deal in Brnisi. Small 
patches of bloom are not infrequently present on what are called below trans- 
verse bars,’’ where small swollej\ croSs veins pass from one longituH nal vein 
to the next, and the bloom patches are sometimes the only indication of their 
presence. 

(3) Sc4irious border. When the leaf sheath becomes old, its etiges turn 
a light brown or straw colour. This sometimes takes place very early in the 
life of the sheath, and shows up clearly against the general greei\ colour. I 
have termed it the scarioxis border. It is especially pres(*nt in all the memlx'rs 
of the Sunnabile group, where even the youngest leaf sheaths exposed aln^ady 
show signs of withering at the edges. In the Katha section the scarious border 
is absent in the young shoot, while in the Mesaixgan section it shows sigi\s, 
here and there, of commencing early but to nothing like the extent in the 
Sunnabile scries. 

(4) Colour of young edges. Besides the scarious border, there is another 
respect in which the edge of the leaf sheath exliibits distinguishing characters. 
It is quite possible that the two colorations are connected, but they are distinct 
phenomena and are frequently present at the same time in a sheath. The 
edge of the young leaf sheath has a different tone of colour to the rest. In 
the Katha section it is light coloured, sometimes white, and often transpan'ut. 
It is also light coloured in the Mesangan section. In the Sunnabile group, on 
the other hand, the young edge is often of a red brown colour as far up as it 
can be seen, while this colour always makes its a])pearance very early. It is 
sharply marked off from the adjoining green, and is frequently liimted out- 
waids by a white border. 
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(5) Tup of hairs. This is met with, in varying degree, in all canes. It 
arises in the two upper angles of the leaf sheath whore it merges into the lamina, 
and not infrequently extends downwards on the edge of the sheath and up- 
wards along the lamina, ft is sometimes very conspicuous and silky white. 
This tuft of hairs is not very greatly developed in either group. It is small 
in the Katha section and is not usually decurrent alojig the edge of the sheath. 
It is meagre in the Mesangan section, slightly descending or not, but descends 
freely in Hullu, In the Sunnabile group the tuft of hairs is small to moderate, 
it is usually decurrent and sometimes very freely so. 

(G) Spirals on the buck. Siliceous hairs, fretjuently adpressed aiid always 
directed upwards, are a marked feature of tin* leaf sheath in many varieties 
of cultivated and wild Saccharuins, and, indeed, are sometimes a factor to be 
reckoned with in harvesting the canes. They a])pear to b(' totally absent in 
both sections of the Saretha group, bul are characiteristic of members of the 
Sunuabile series. One of the two specimens of Khadf/u, however, received 
from Bombay, appears to be glabrous. The spines are usually concentrated 
in a small, dense group in the middle of the back of the sheath, rather high up, 
but have beeji occasionally recorded near the upper pait of the twr> edges. 
Occasioiially they are Jiot visible, but can be quickly detected by passing the 
hand gently down the sheath. 

(7) Venation. This is ofteii well marke<l in the leaf sheath, and consists, 
typically, of fine, parallel lines extending down its whole length. They are 
paiticularly well seen in the (tuvered part of tlie sheath, forming dull lines on 
the yellow background. In the uncovered portion, they are especially well 
seen iji the Katha section, where they arc clear and rathej* hue and numerous. 
They are moderately distinct in the Mesangan section, but arc irregular, ofteji 
thickisli, and indistinct in the Bunnabile scries. 

(8) 1 ransverse hur,s. Ihese, as stated above, arc also veins, forming cross 
conucctioiifl between the longitudinal ones, chiefly in the upper part of the leaf 
sheath. They are typically present in kSacchurum sponOmeum ajid seedlings 
obtaij\ed by crossing it with cultivated canes. They are often thick and 
swollen ajid presej\t the appearance of having been flattened by the pressure 
of the leaf sheath. Varieties iji the Katha section usually have them well 
developed, although they are not always very distinct, and sometimes onl}' 
represented by strong patches of bloom. The transverse bars are less marked 
in the Mesangan section and are usually ab{;feirt in Sunuabile varieties or merely 
indicated by small Bplashes of darker green. 
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It is perhaps worth while drawing attention here to the continued resern- 
blauccB between the Katha section of the Sarctha group and the wild Saccharum 
spotilaneutn, and also to the transitional position so often seen of the Mesangan 
section between the Katha and Sunnabile varieties. This would suggest a 
line of evolution along which the cultivated sugarcane has been selected, having 
its origin in a primitive form somewhat similar to a Katha variety, and passing 
through some such form as a Sunnabile variety, already differentiated to a 
certain extent and in some respects approaching the higher forms of cultivated 
canes. 

(9) Liijuhr processes. These are upward scarious extensions of the edges 
of the loaf sheath on either side of the base of the lamina, provided with a 
rudimentary tibrovascular system, and are usually most prominent on the huicr 
margin of the sheath. They are clearly conncctc<l with the ligule which passes 
into them at its edges and this suggests that the ligule is morphologically an 
overlapping portion of the leaf sheath at its point of junction with the lamina. 
The Katha varieties usually have well developed ligular processes. They 
occur as long, sharp teeth, usually reaching an inch in length and occasionally 
extending to double that length, when they form a striking and characteristic 
feature. They are not usually present in the Me.sajigan section, although 
Oa)ida Cheni has been noted as having occasional ligular processes up to half 
an inch in length. In the Smmabile group they are reduced to the usual blunt 
angle, which soon becomes scarious, owmg to the notching hi the margin where 
the sheath and lamma unite. 

(10) Ligule. This is treated here becjiuse of the po.ssibility indicated 
above of its being part of the leaf sheath, and its ijitimate relation to the ligular 
processes. It is narrow in both groups, although varying a little in this respect 
in the Mesangan section and the Suiiiiabile group. In the Katha section the 
ligule is usually hat or slightly depre.ssed in the middle of its upper margin 
and deeply depressed on its lower. In the middle it is distinctly broader than 
at the edges and there is often a small triangular or diamond-shaped portion 
here which is termed a lozenge, but this is not always present. The ligule in 
the Mesangan section is flat or arched above and deeply depressed below. 
There is usually a lozenge, although this is sometimes absent. The tyincal 
ligule of Sunnabile varieties is arched above, often with a flat deiuession in the 
middle and slightly depressed below. The two margins are often nearly 
parallel and the lozenge is thus absent. 

The setae on the upper margm of the ligule present more striking difiereixoes, 
as is often the case with hairs and hair-like structures. They are extremely 



190 


STUDIES IN INDIAN SUGAROANES 


small in the Saretha group, irregular, sparse and not infrequently deciduous 
or absent in the Katha section, but occasionally more abundant in the 
Mesangan varieties. In the Sunnabile group they are strongly developed 
and are usually long, and there are often a few scattered, very long set®, 
standing out in the middle of the ligule. 

(11) dasfing stem at base. In the varieties in the Saretha group the leaf 
sheath at its base clasps the stem more widely, although the differences are not 
great. This is in accordance with obseivations made when comparing Katha 
and Dhavlu oj Gardaspar. The extent of encirclement is expressed in terms 
of the circumference of the stem, thus, TOO would indicate that the leaf sheath 
just encircles the stem once and 1*50 would show that it goes one and a half 
times round. The figures obtained for 8 Saretha and 10 Sunnabile varieties 
measured in 1016 are 1*15 and 1*35 respectively— roughly the sheath passes 
one and a half times round in Saretha and one and one fhird in Sunnabile. In 
the larger series examined in 1917 the difference is reduced, although it is in 
the same direction. The figure>s are 1*16 for Saretha and 1*39 for Sunnabile 
groups. The Katha section clasps the stem most widely, 1*48 being its figure : 
the Mesangan section gives the figure 1*43 and the Suim t bile group 1*39. 

(12) Width at base. The Sunnabile varieties, in spite of less encirclement 
of the stem by the base of the sheath, have wider sheath bases, and here too 
the Mesangan section is intermediate between the Katha section and the 
Sunnabile group. The average widths of the base of the leaf sheath are, for 
1916, Saretha group 3*09'", Sunnabile group 3*37"; for 1917, Katha section 
2*79"', Mesangan section 3*16" and Sunnabile group 3*26." 

(13) Width at apex. Here too, the sheaths arc wider in the Sunnabile 
group, falling into line with a greater thickeness of stem and greater width of 
leaves. The 1916 measurements show averages of 1*23" for Saretha and 1*34" 
for Sunnabile groups: in 1917 the figures being 1*22" and 1*30" respectively. 
But a variation is to be noted in the Mesangan. section, which is not in this 
case at all intermediate between the Katha section and the Sunnabile group. 
The width at the apex of Mesangan bectioii averages 1*40", that of Katha 
section 1*11", while the Sunnabile group is intermediate with 1*30". 

(14) Leyigth of mature leaf sheath. The length of leaf sheath appears to 
differ less definitely in the Saretha and Sunnabile groups than that of joint and 
lamina. In fact, while it is distinctly longer in Saretha in the 1916 measure- 
ments of mature canes, little difference has been noted in those of 1917. This 
m^ be due to the fact that the maxima are rather late and that, in the 
immature canes of the latter crop, the full length of the leaf sheaths had not 
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been obtained, but this interpretation is open to doubt. The results of the 
measurements are as follow 1916, based on averages of 20 canes of each 
variety, Saretha 12’ 4", Sunnabile 11*6" : 1917, measurements of 20 canes, 
Saretha 11*9", Sunnabile 11*9": measurements of 10 canes in the laboratory, 
Saretha 11*95", Sunnabile 12*02". The agreement of the two 1917 measure- 
ments is very close. 

(15) Module, This empirical expression is obtained by dividing the 
average length by the greatest width, that at the base. Tt is designed to give 
some idea of the shape of the leaf sheath and is included because it has been 
found so useful in the cane an<l the lamina. We have seen that the sheath 
is wider at the base in the Sunnabile group, while the length of the sheath, longer 
in the 1916 results in Saretha, is ])ractically the same in the two gr(aii)s in 
1917 measurements. It is not surprising that the Sunnabile sheath has a 
lower sheath irioduJe. Also that this module is higher in the Mesangan section 
than in the Sunnabile group. The figures are, for 1916, Saretha group 4*0; 
Sunnabile .*V5 ; for 1917, Saretha 1*1, Sunnabile 3*7 figures which show 
sufficient agreement. The figures in the Katha and Mesangan sections of the 
Saretha group, in 1917, are 3*8 and 4*4 respecjtively. 

(16) Number of sheaths per mne. The sheaths are, as might be expected, 
more numerous in the Sunnabile grou}), although there is little dilTerence in 
the poorer grown 1917 crop. The figures were, in 1916, Saretha 35 Sunnabile 
45 ; in 1917, Saretha 29, Sunnabile 30, the figures for the Katha and Mesangan 
sections being 30 and 28 respectively. 

(17) The variations in sheath length in different parts of the cane. As in the 

length (f joint, the length of sheath was measured by foot rule divided into 
tenths of an inch, in 20 canes of each variety, both in 1916 and 1917. In 1916, 
7 varieties of the Saretha group and 10 of the Sunnabile were measured, and 
the canes were over-ripe. In 1917, the number of varieties were 18 and 15 

respectively, but some of these have been nded out, in that it was not possible 

to obtain fair averages because of the large number of missing sheaths. It is 
natural that differences would be lessened in the latter case and, perhaps, more 
reliance is to be placed on the 1916 results. The following are the averages 
obtained in the 1916 measurements, the lenidhs of sheaths being recorded, 
from base to apex, in inches. 

1916. Saretha group. 12*2, 12*6, 12*9, 13*0, 13*2, 13*3, 13*2, 13*2, 13*1, 

12*9, 12*7, 12*6, 12*5, 12*4, 12*3, 12*3, 12*2, 12*2, 

12-3, 12*3, 12*0, 11*9, 11*8, 11*6, 11*5, 11 1, 112, 

11*0, 10*8, 10*1, 8*8, 5*2, 1*3; 0*3, 0*1. 
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Suimabile group. IM, 11*3, 11*5, 11*5, 11‘7, 11*6, 11*7, 11‘8, IV\) 
11-8, 11*8, 11-8, 11*8, 11-7, 11*0, 11*8, n*9, 12*0, 
12*1, 12-1, 12*0, 12*0, 11*1), 11*9, 11*8, 11*7, 11*7 
11*5, 11*3, 11*3, 11*3, 11*1, 10*9, 10*7, 10*8, 10*9, 
10*7, 10-3, 9*0, 7*7, 3*3, 0*8, 0*2, 0*1. 

These figures plotted out on curves, show some interesting characters 
(Chart III). 

(18) Cfirccfi. In the Saretha group, in 19 Hi, the curve commences high, 
ascends steeply to an early maximum, then descends steadily with a slight 
indicatioji of a second maximum half way dowj\, and the curve leaves the 
])aper cojisiderahly sooner than that of the Sunnahile group. 1^he curve of 
tlie latter commences low, rises gradually to a first maximum ajul attains its 
liighest ])oint very late. It crosses the Sand/ha curve about half way along 
its course aj\d tlieji descends steadily but less steeply than in Hai’cdlia ajid 
shows an ijidicafion of a final small maximum before it leaves the papeu*. 
The crosses mark the ])Osition of the eighth sheath from the end, ajid thos(» 
beyond may, for convenience, be considered all inmiature aiid need not concern 
us. The curve in Suunabile is much loi\ger, the numlxu* of sheaths before the 
last eight being 37 as against the 27 in Saretha. Comparing the two curves, 
lhat of Sunnabile is longer, lower, flatter, characters which we noted in the 
curves of tin* lei\gths of joint ii\ the identical sets of canes. In fact, (here is 
c()nsiderable siinilarity betweeii leaf sheath and joint length curves in any cane 
although this resem]>lance is not close enough to establish a definite correlation 
between joint and leaf sheath. 

The 1917 measuremeids wvro takeji in a much larger luimbor of vaiieties 
in each group ajidtho canes were measured wheji ojdy nijie moj)tlis old, to ensure 
the prescJioe of sheaths and leaves in good cojidition. Jlut, unfoitiumtely, 
the growth was poor iji most of the varieties and especially so iji ojie or two — 
beij\g notliij\g like so good as in the previous year. The number of joints and 
consecpiejitly of leaf sheaths were much below the average ajul, generally, 
normal differences were mucli reduced. The following are the figures obtaiiied 
in 1917 for lengths of successive leaf sheaths. 

Saretha group ; averages of 18 varieties with 20 canes in each variety 
in inches : 

11*1, 11*7, 12*2, 12*4, 12*7, 12*8, 12*7, 12*6, 12*5, 12*4, 12*3, 12*2, 12*1, 
11*8, 11-7, 11*5, 11*1, 11*3, 11*2, 11*2, 11*1, 11*0, 10*4, 9*7, 8*5, 5*1, 1*3, 
0 * 2 , 0 - 1 . 
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SiiBiiabile group ; averages of 15 varieties : 


11-4, 11*9, 12-3, 12-^, 124, 124, 12*3, 12*2, 12*1, 12*1, 12*1, 12*1, 11*9, 
11*8, 11*7, 11*5, 11*7, 11*0, 11*6, 11*5, 11*3, 11*3, 11*1, 10*8, 9*7, ()*2, 2*1, 0*6, 
0 * 2 , 0 * 1 . 


Upon comparing tlio curves plotted from these figures, the first matter 
for notice is their extreme shortness, the Sunnahile excess numher being 
reduced to one sheath, as was the case in the joints. The Suimabile curve is, 
it is true, lower, flatter, longer, as was the case with the 1915 curves, it reaches 
a lower maximum than the Saretha and crosses it about half way along its 
course ; but there is far more resemblance between the curves of the two 
groups in 1917. In one particular is this especially noticeable. The three 
lowest sheaths are actually longer in the Sunnahile group, instead of being 
much shorter, and the initial rise in length is much stee]>er than was to be 
(expected. This may be due to the (jonditions of growth, which may have 
afTe(yt<»d the varieties of the two groujis differently, but it is only fair to stat(‘ 
(hat these initial sheaths were often absent or not susceptible of measurement, 
an<l the averages for the first few are accordingly much less reliable. Never- 
theless the 1917 curve for the Sunnahile varieties is rather steeper than usual 
in this group and a[)proximates in this respect to that of the Saretha group. 
(\)nsidering all things, more reliance is to be ])laced on the curves obtained 
in 191 fi, and the general differences noted in it hold, in a diminished degree, 
with those obtained in the immature canes of 1917. In the circumstances 
detailed above, I should feel inclined to build up the ideal cane rather from the 
191 G curve, with the proviso that the differences between the length of leaf 
sheath in different parts of the canes ij\ the two groups may be somewhat 
exaggerated in these curves. 

Curves have been prepared for the Katha and Mesangan sections of the 
Saretha group. These show that the latter section, consisting of larger canes, 
only resembles the Sunnabile series in the number ot leaf sheaths. In other 
respects the curve approaches nearer to that of the 191 G measuremeids in the 
Saretha group, it is higher and steeper than that in the Katha section. 


Lamina. 

The leaf blade or lamina has been subjected to a rather more exhaustive 
study than the leaf sheath, as it presents details of form which are absent in 
the latter. In no part of the plant is it more evident that a real difference exists 
in the two groups in the length and shape of organs, and the elal)oration of this 
point has taken a good deal of time. For one thing, the differences between the 
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1916 and 1917 crops , so noticeable in the joint and leaf sheath, appear to have 
had less play in the lamina, and* the similarity of the figures obtained in 
different observations ‘r sometimes very striking. The persistence of 
cliffererces in roughness, hairiness, venation, etc., would tempt one to make a 
series of observations with stomata, but this has not been accomplished, yet 
the surmise may be hazarded that one more useful distinguishing character 
may be expected from a study of these. The characters studied naturally 
divide themselves into those which are capable of measurement and those 
which are not. The latter, which are less complicated are taken first. 

(1) Channelling, This infolding of the leaf at the base is a marked cha- 
racter .)f the Saretha group, in which it resembles the wild Sacchannn fi'pon- 
taneum. The channelling is chiefly developed in the midrib but is not confined 
to it, and the lamina takes a more or less distinct part in all the varieties of the 
group. In the Sunnabile series the channelling is not usually so marked and 
it is confined to the midrib, while the lamina is flat to the base. 

(2) Callas. This term is applied to the region of the lamina on each side 
of the midrib just above the ligulo. It corresponds with the transverse marks 
of lighter colour on the back of the leaf. This part of the leaf differs a good 
deal in the two groups under discussion. The callus is not well marked in 
varieties of the Saretha series, it is usually covered by waxy outgrowths and is 
often puberulous or pubescent. In the Sunnabile group, it is more marked, 
often very distinct on each side, sometimes raised. It is usually covered by a 
dense or shaggy pubescence and sometimes has long hairs at the sides nearest 
the leaf edge. A study of the transverse marks, on the other hand, has not 
yielded any appreciable differences in the two gronjis. 

(3) Scabrous feel. This is often a marked character at the tip of the leaf. 
It is especially noticeable on the upper, ventral aspect, in the members of the 
Sunnabile group. If one passes the fingers downwards in this region, the 
roughness of the leaf, depending on small siliceous points projecting upwards, 
reminds one of shagreen. There is also considerable, but less marked, rough- 
ness on the lower or dorsal side of the leaf tip. One marked exception, however, 
occurs, the leaf ends being practically glabrous in Putli Khajee, This is in 
fact similar to the Saretha group generally. The scabrous feel is very slighs 
or absent above in this group and the roughness below is slight. In this 
character of the leaves the Saretha series, as usual, resembles Saccharum 
sfonianeum in such specimens as have been examined. 
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(4) Serrature. Here also the greater hairiness or harshness of the leaves 
is noticeable in the Snnnabile group. With the exception of Piftli Khajee, the 
serrature of the leaves is strong, harsh and persistent. In the Saretha series 
(as in Saccharum sp(mtaneum), it is usually soft, fine and more or less deciduous. 
In the Sunnabile series the leaves, thus, have spines on the back of the sheath, 
rough callus, strong scabrous feel at the leaf tip and harsh persistent serrature, 
while the ligular setae are strong and frequently long : in the Saretha series 
the leaves are glabrous or almost so in all these respects, and one would feel 
tempted to suspect a correlation between the development of strong hairs in 
all parts of the leaf. But the anomalous position of PntU Khajee suggest 
caution. It has spines on the back of its leaf sheath while its serrature agrees 
with that of the Saretha varieties. So also, in one of the two specimens of 
Khadya received from Bombay the leaf sheath is glabrous, and in the other 
it is spiny, and the glabrous-sheathed form agrees in other respects with the 
rest of the Sunnabile group. 

(5) Number of laminas. As in the sheaths there are many more laminas 
in the Sunnabile group in 1916, but about the same in the two groups in 1917. 
The numbers in 1916 are, in Saretha 36, and in Sunnabile 45, whereas in 1917 
the respective numbers are 29 and 30. 

(6) Length of larnina in different parts of the cane. Here, as in the sheath, 
we have been led to consider the 1916 measurements as more in keeping with 
the known characters of the groups. The following are the figures obtained 
from the same canes which were measured for length of joint and length of 
leaf sheath : ~ 

Average length of successive laminas, 1916, in inches : 

Saretha group. 37, 39, 42, 45, 48, 51, 52, 53, 54, 55, 56, 55, 56, 56, 56, 
57, 57, 57, 57, 56, 57, 57, 57, 57, 56, 55, 55, 54, 54, 

53, 51, 48, 45, 37, 26, 17, 8. 

Sunnabile group. 30, 33, 36, 38, 40, 42, 43, 44, 45, 46, 46, 46, 47 47, 47, 

47, 47, 47, 47, 47, 47, 48, 48, 48, 48, 48, 48, 48, 47, 

48, 47, 47, 47, 46, 45. 45, 44, 43, 42, 40, 38, 35, 24, 

20, 15, 8. 

(7) Curves. These figures have been plotted out in curves as usual (Chart 
IV). The curve in the Saretha group, in 1916, is higher, shorter, steeper at the 
ends than that in the Sunnabile group, agreeing in these respects with the curves 
of length joints and leaf sheath. The curve starts higher in the Saretha group 
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and aaceuds Jiiore rapidly. Tlie inaximuni is reached in 15 joints in Saretha, 
against 21 joints in Simnabile, aiul is 9" greater. A comparison, however, of the 
lamina curve with tin. S(M)f joii\t and sheath, shows ceitain fundamental differ- 
ences. With steep rise and fall the lamina curve l emains more or less horizontal 
at the top and thus presents a generally flattened appearance, which a])pears to 
be characteristic of all mature lamina curves. Once the region of full grown 
leaves is reached, there is little variation in length from joint to joint, rendering 
difficult all attempts at finding correlations between the lengths of leaves and 
other organs in different paits of the canes, in botli the joint and sheath curves, 
on the contrary, the rise is very raj)id at first and, once the maximum has been 
reached, a continuous descent follows. The sheaths and joints are longest 
in the young cane and become continuously shorter as growth proceeds. 

A study of the 1917 crop, in which a considerably larger number of varie- 
ties were studied in each grou]), bears these remarks out. But, as in the case 
of joint and sheath, the (‘ffect of immaturity and poorer growt;h is shown, and 
the curves are much lower and shorter and, so to speak, cut off in the middle, 
because of the fewness of organs developed. The following are the measurements 
obtained : - 

Average length of successive laminas, 1917, nine months old, in inches: 


Saretha group. 


29, 33, 37, U, 45, 48, 19, 51, 51, 52, 52, 53, 53, 52, 52, 
52, 51, 50, 49, 49, 50, 51, 50, 49, 47, 43, 37, 29, 21. 


Sunnabile group. 2S, .34, 37, 10, 42, 44, 46, 46, 47, 47, 47, 48, 47, 47, 
16, 46, 45, 44, 44, 44, 45, 45, 45, 44, 44, 42, 39, 32, 
21, 18. 


(7) Average length oj mature lamina. This was obtained from the above 
two series, leaving out the last 8 as possibly immature. The lengths in 191 (i 
were, for Saretha 4' 5" and for Sunnabile 3' O'', and in 1917 Saretha 4' 0" and 
Suunabile 3' 8". The leaves in the* Saretha series are distinctly longer. A 
reference to the curves will show that it is possible that the lower figures in the 
nine months curv^es may be due to the fact, that the longest had yet to come 
when the canes were measured. The maxima in lamina curves are considerably 
later than in joint and sheath curves, and the shortness of lamina in 1917 may 
not therefore be due entirely to poorer growth. The Mesangan section consists 
of much larger cane varieties than the Katha, and this is reflected in the length 
of lamina. In 1917 the average in the Katha section was 3' 10'' and that of 
the Mesangan 4'2'', so that in this respect the intermediate nature of the latter 
section between the Katha section and the Sunnabile series cannot be gauged 
by merejength in inches, 




CURVES SHOWING THE AVERAGE LENGTHS OF SUCCESSIVE LAMINAS FROM BASE TO APEX, IN THE SARBTHA AND 

SUNNABILE GROUPS IN THE 1018 AND 1817 CROPS, 
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' (8) Width of leaf This varies along the length of the leaf and, in order 
tc institute a just comparison, it has been found necessary to fix on the greatest 
width, in the measurements. This was estimated by spreading out the leafy 
shoot and selecting the widest leaf present. The figures therefore refer to the 
extreme width of the leaf. In 1916 the average extreme width was 1*5" in 
the Saretha, and 1*8" in the Sunnabile groups, while in 1917 the figures were 
1*3" and 1*7" respectively. As in the case of length of leaf, it is possible that, 
here too, the widest leaves were still undeveloped in the measurements of tlu‘ 
immature canes of 1917. The leaves in the Sunnabile grou]) are considerably 
wider than those in the Saretha group. The Mesangan section appears to be 
intermediate between the Katha section and the Sum\abile group, but it must 
be remembered that, it consists of bigger canes ; the figures in li)17 were Katha 
section 1*2", Mesangan 1*5". 

(9) Leaf inodide. This expression signifies here, as elsewhere, length 
divided by breadth. It is built up with the aid of figures contained in the 
last two paragraphs and is therefore average length divided by average extreme 
width. As might be expected, from our knowledge that the organs are loi\ger 
and narrower in the Saretha series, the differences in the two gr(n]j)s are marked. 
The 1916 figures are Saretha 35, Sunnabile^ 25, and, in 1917, Saretha 37 and 
Sunnabile 26, resemblances sufficiently close to rule out all differei\ces in vigour 
of growth. In s})ite of the poorer gr<A\th in 1917, the form of the leaf appears 
to have remained j\ormal. The Mesangan section again occupies an interme- 
diate position, the figures in 1917 being, Katha section 38, and Mesangan 33. 

(10) Leaf shape, Thesp are the main measurements of the lamina. But 
it was felt that the figures did not express obvious differences in shape. Most 
of the Saretha leaves show a marked narrowing above Ihe base and the widest 
j)ait of the Sunnabile leaf is, on the whole, lower down the length of the leaf 
than in the Saretha group. A series of width measurements were therefore 
made in the laboratory, in ten leaves of each variety, at different distances 
from the base. These distances were empirically selected at 1", 6", 12" and at 
the widest pait, wherever that was, and its distance from the base noted. It 
was surmised that these measurements would be sufficient for the purpose 
and that, from them, we should be able to form a correct idea of the form of 
the leaf in each class. To complete the picture, it was necessary to note the 
full length of each leaf measured, but this was unfortunately not appreciated 
in the 1916 measurements, and the omission has been filled in by taking .the 
length of leaf obtained from the general curves of 20 canes measured in that 
year. The following are summaries of these measurements, it being noted 
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that Khadya, which was examined at a different time from the rest, has been 
omitted from the Suimabile series. 


Laboratory measurements of laminas in 10 canes of each variety, in inches. 


Width 

at 

base 

At r 

At 6" 

At 12" 

Widest 

place 

Distance , 
from base 
to widest 1 
place 

Total 
length of 
leaf 

Remarks 

1916 







! 


Saretha group 

0-95 

0-79 

0-88 

103 

1*39 

26" 

(4' 5") 

1 Total length in 








1916 taken 

Sunnabile group 

103 ' 

Ml 

119 

1*47 

173 

19" 

(3' 9") 

from field 

measurements 

1917 








of 20 canes. 

Katha section 

0 84 

0 69 

0-77 ’ 

0-89 

M4 

235" 

4' 3" 


Mesangan section 

110 

094 

1 101 

M3 

1 45 

28-8" 

4' 10" 

1 

Saretha group 

0-94 

0-79 

0*87 

0-98 

126 

25 6' 

4' 5" 


Sunnabile group 

0-98 

101 

1*24 

1 46 

166 

19" 

3' 10" 



From a study of this table we are able to draw a certain number of 
conclusions. 


((/) Tn the Saretha group the narrowest part is 1" above the base of the 
leaf. There is a marked pinching in above the base and the reverse is, if any- 
thing, the case in the Sunnabile series. Taking as an expression of this 

wo get the following 


1910. Saretlia group ~ , Sunnabile 


1917. Katha section 
Mesangan section 


SI ^ 

Average , Sunnabile . 

94 I 


(b) The widest part of the leaf is lower down (19" from the base) in the 
Sunnabile series than it is in Saretha (25" from the base), and the figures for 
the two years show marked similarity. But the Sunnabile leaf is shorter, and, 
to determine the proportional position of the widest part, it becomes necessary 
to include the average total length of leaf. Using as an expression of this the 
formula, we have as follows:- 


1916. 

Saretha group 

•47 

Sunnabile group 

0-40 

1917. 

Katha section 

.46 




Mesangan section 

•50 




Baietha group 

•48' 

Sunnabile group 

0-41 




0. A. BARBER, 


100 


Roughly, in the Saretha Berics, the widest part is half way up the leaf, 
and two-fifths of the way up in the Sunnabile. This emphasizes the shortness 
and broadness of the leaves in the latter series. 

(c) A further expression of this feature may be obtaij\ed by sn estimation 
of the rate of widening in the leaf, per unit of length. This u})ward gradient 
can be put in figures as follows ^ 

Upward gradient = in the distance from widest 

to narrowest part. The narrowest i)art may bo safely tak(‘n as 1" above 
the base in each case, so that the distance referred to iji the formula will 
be the distance above the ))ase of the widest part, less I". Workij>g out the 
figures by the formula, we obtain the following for 1917. The iwiml total 
length of leaves was not takeJi in 1910. 

1917. Katha section Gradieiit of 1 in 100 

Mesangan section I in 109 

Saretha group 1 in 102 

Sunnabile group 1 in 55 

Thus the uj)ward gradient of widenii\g iji the leaf is juaotically twice as 
steep in the Sunnabile series as it is ui the Saretha. 

The downward gradient, from the widest poijit to the tip of the leaf, may 
be obtained in a similar majmer, ihe formula beijig 
difference between total length and distajice of widcsst point from base of leaf. 
The 1917 figures give us the following : — 

1917. Katha section 1 iji 18 
Mesangan section 1 in 10 
Saretha group 1 in 11 
Sunnabile group 1 in 33 

The downward gradient is considerably stee|)er than the upw^iid, but 
there is less difference in the two groups, that of the Saretha leaves beii\g three- 
f( urths that of the Sunnabile, instead of nearly one-half. 

From the above study of leaf measurements we have thus succeeded 
in extracting new and stable differences in the form of the average leaf 
in the two groups, and this gives important sup})ort to the reality of the 
grouping of the varieties concerned. We are in a position to draw th(‘ outliiie 
of atypical leaf in each group, but the length is so enormously greater than 
the width, that some sort of compromise is necessary. 1 have accoidingly 
drawn the tw'(» leaves to scale, multiplying the wudth by ten, and the 
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dia^rram shows the differences exaggerated, in the form of two greatly 
forc'shortencd outlines. 



OriLINKS OF LBAVES IN THE SAUETIIA 
AM) SUNNABILE OROUIS. URBATLY FORE- 
» SHORTENED. ThE NARROWER. LONOKE LEAF 

IS THAT OF THE SaRBTHA. GROL’ P. 

(11) The midrib. This is much more prominent in the Saretha leaves 
than in the Sunnabile, in this respect pointing to a marked resemblance in the 
former to the leaves of Saccharum spontaneum. To give an exact expression 
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Df this relative prominence, the width of the midrib was measured at the same 
time and place as the width of the lamina in the above table. The midrib may 
be studied from two standpoints, firstly, its own intrinsic width, and, secondly, 
the relation this bears to that of the lamina. 

(a) Width of midrib in different parts of the leaf. 


, Atr 

At 6" 

At 12* 

At widest 
part of 
leaf 

Distance fiotn 
base to widest 
place 

1916. 

j Saretha ^roiip 

0*19 

0-20 

017 

009 

25' 


1 Sunnabile group 

' 018 

017 

015 

Oil 

19' 

1017. 

, Katha section 

017 

0 16 

OH 

008 

23-5" 


1 Mesangan section 

0-20 

0-20 

0 19 

012 

28-8' 


1 Saretha group 

. ' 019 

018 

0 16 

009 

25-6" 


Sunnabile group 

013 

0 14 

013 

010 

19' 


We see from these figures that the midrib is distinctly wider in the leaves 
of the Saretha series all the way up, and this is the more noti(;eablc when 
we remember that the leaves are wider in the Sunnabile group, especially 
in this lower part of the leaf. 

(/;) Rdiitivp width of lamina and midrib. To give expression to this 
the width of lamina has been divided at each point by the wi<lth of midrib. 
The following figures give the quotients : — 



1 

At r 

1 

1 

At 6' 

1 

At 12' 

At widest 
part of 
leaf 

Distance of 
widest part 
from base 

1916. 

Saretha group 

42 

4 4 

60 

15 4 

25' 


Sunnabile group 

5-5 

7 1 

11 4 

167 

19' 

1917 

Katha section 

4 1 

4 8 

6-3 

142 

2.3-5' 


Mesangan section 

4-7 

50 

5-gf 

12 1 

28 8" 


Saretha group 

42 

48 

6 1 

14-0 

25-6' 

i 

Sunnabile group 

7-8 

8-9 

11 2 

16-6 

19' 


And the table gives a useful expression of the comparative inconspicuous - 
ness of the midribs in the Sunnabile series, 
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TAliLKS OF MEASUREMENTS. 

Average Measurements of Twenty Canes. 

Varieties In the Sarethn group, 1917, 9 months old. 






1 


THICKNESS OK CANE 



•5 -5 


1 

1 o 



(Centimetres) 




k ' k 

o 

o 



(The thickness of cano Aas measured 


a 


i 




by calipers) 




a c 



'C 









o g 

*o ‘*^5# 

o ee 
uS ® 

a • 

= ^ g-r 

25 J 

c 

'ft 

o 

.4^ 

o 

1 ® 

' A 

.4J 

ec 

c 

S 

3 

1 o 
' H 

a 

.L 

SI 

s 

Lateral bs 

H 

Median g 

Lateral g> 

c 

e 

Median ^ 

Lateral S 

hH 

a ® 

j Median ? 

1 

® Jat 

5S C 
© 
5 a 

O tJ 

® £ i: 

ox® 

Katha SEriioN 

, 











Raksi 

17 .) 2" 

.") ‘.r 

10 11" 

10" 

1 30 

142 

1*34 

i-3(; 

1*13 

116 

1*30 

Katha 

i:i r r 

5' ir 

10' 0' 

10 

1 44 

MS 

1 40 

i^") 

1*27 

1*32 

1*39 

Ramiii 

1.5 4' r 

5' 10" 

10 ' ,r 

1 2'' 

1*51 

1*51 

1*53 


1*35 

MO 

1*49 

Lali’i 

M o' V 

0 8' 

11 8" 

1-2" 

1*31 

1 37 

1*38 

1 45 

1*36 

M2 

1*38 

Chin 

15 4' r 

6 0 

10 ' r 

1*2" 

1*57 

i'(;2 

1*57 

1 64 

M5 

1*49 

1*66 

Chunnee ^ 

17 4 5’ 

5' 2" 

9 r 

1-0" 

1*52 

l*f7 

1*57 

1 62 

1*43 

1 48 

1 53 

Haraukha 

15 4' 8' 

6' 4" 

10 ' ir 

1-3' 

1-62 

1*6S 

1*65 

1*71 

1 47 

1 52 

1*61 

Kansar 

14 5 3" 

6 10' 

12 ' r 

14 

1*59 

1*64 

Mil 

1 66 

1 40 

1*64 

1 60 

Chynia 

13 4' 5'' 

,7 2 

ir 0 " 

1 3" 

1*72 

1*77 

1*70 

1 *75 

1*51 

1*56 

1*67 

Burra Chunnee ... 

16 :v :r 

7 3 

10' 5" 

1 4" 

1 73 

1-75 

1-72 

1*76 

1*6() 

1-63 

1*70 

Saretha (brown) .. 

15 1 10' 

0 5‘ 

ir 3" 

13" 

1*65 

1-71 

1'74 

1*79 

I 64 

IRO 

1*71 

Average of section 

16 4 7" 

6 4' 

1 

10 11" 

12" 

1*66 

1*60 

1 66 

1*62 

1*12 

1*47 

1*64 

Mesanhan Sru 












TION 












Mesangan 

15 4' :r 

0 2" 

10' ;V 

I'l" 

1-59 

1’65 

159 

1-66 

1 48 

1*51 

1 69 

ISaretha (green) 

10 V 9' 

6' 5" 

11' 3" 

1*3" 

]'61 

1*66 

1*70 

1*74 

1*51 

1 69 

1 61 

Jaganathia 

12 4 6* 

7' 'r j 

ir r 

ro" 

1-68 

1*74 

1*78 

rs2 

1 56 

1*61 1 

1 

1*70 

Khari 

16 .5' 4"^ 

r 2 " 1 

12' :> 

1-5" 

1 99 

2 05* 

1-98 

2*04 

I'C8 

1*74 

1 91 

HiiIIu Kabbu 

12 4 4* 

7' 5" 

ir 9' 

1-5" 

1*86 

1*92 

1*95 

2 01 

1*66 

1*71 

1*8.5 

Oanda Cbeni 

14 5' 3" 

S' 0’ 

13' 2" 

1-9" 

2 09 

2 14 

216 

2*21 

1*78 

1*83 

2*0.3 

Kalkya 

15 5 5" 

6' S 

12' 2" 

1 8" 

2*17 

2*25 

2*21 

2 30 

I 85 

1*92 

*2* 12 

Average of section 

U 4 10" 

7 0" 

11' 10' 

1 6" 

1 86 

1 92 

1*91 ' 

1*97 

1*66 

1*91 

1 83 

Average of group 

16 4' 8" 

1 

6' 7" 

ill' 3 

1 1 

1 3" 

1 

167 

172 

1*70 1 

1 76 

1 1’61 

1‘66 

1 166 
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\VERAGE Measurements of Twenty Canes. 

Varieties in the Sunnabik (jioup, 1917, 9 month', oUl 


i 

JS 

a 

S 

r-» « 

<33 1 

lil 

S 03 
3't: 

A 

JS 

a 

w W 
a, 

1 ,4_, ^ 

o 

1-2 

mZ 

Length of living shoot 

Total length of plant 

Maximum width of 

leaf 

IH 

(Ihe thic 

Bottom | 

■5 g 

iJ 0S. j 

ICKNESS 0 
(CentimUi 
kneie of canc 
by calipe 

Mir DLF 

2 § 

3 s 

F CANE 

LS) 

1 was measiued 
t^) 

Top S m « 

(MATURE) g 

0 £ S 

c 

£2 2 

4) 'T3 St 

J s « s 

Tei a 

U 

1 

S 6 

4 9" 

8 5 

1 4' 

1 

1 IS 

i 

1 24 

1 lb 

1 23 

1 14 

1 25 

1 IS 

Tl\klna 

I') 

3 10 

b >* 

10 4' 

1 ) 

12S 

1 3u 

1 41 

lo4 

142 1 

120 

1 42 

Kkar 

17 

1 7^ 

b 4' 

10 0 

1 5' 

1 47 

1 5b 

1 )4 

1(>> 

1 ^9 

1 48 

lol 

Diiaiilu 

15 

3 10' 

5 10' 

0 s 

1 4 

I U 

1 39 

1 "5 

1 41 

1 21 

1 20 

132 

Ka{;bzp | 

U 

1 0 

' ‘'i 

1 

10 0 

1 b 

1 oO 

1(7 

1(8 1 

1 7S 

1 b2 

191 

171 

1 

Retail 

IS 

4 1 

1 

4 r 

s > 

1 () 

1 43 

147 

1 51 

1 52 

1 16 

1 52 

105 

Bai)<'a 

20 

) 2 

4 10 

9 11 

1 s 

1 bj 

1 71 

1 81 1 

1 

16S 

1 75 

17) 

Bansi 

n 

3 6' 

6 10' 

10 1 

1 b 

2 0b 

211 

2 12 

1 

2 17 

1 SI 

1S9 

2 03 

Sunnabile 

15 

1 11 

3 S 

0 7 

1 0 

20) 

2 12 

2 03 

2 17 

1 ss 

1 94 

21 1 

1 

I’litli Kli»j(*c 

IS 

) 1 

b 10 1 

•2 j 

1 s 

2 17 

2 24 

2 43 

2 41 

1 97 

2 04 

2 19 

Kliadya 

17 

4 7' 

b 4 1 

10 11 

I 7 

2.4 

2 31 

2 4 

2 3S 

1 ss 

1 93 

217 

Naanal 

10 

4 0 

b 2 

10 11 

1 () 

2 10 

2 1 • 

21b 

2 21 

1 SI 

ISb 

2(0 

Hotte Cheni 

lb 

1 

4 S 

b 1 

10 11 

1 0 

2.4 

2 B 

2 0 

2 b 

^ 197 

1 

2 04 

2J) 

Dlioi 

n 

2 9 

1 11 

7 b 

1 0 

2 01 

2 09 

1 91 

2 01 

1 5b 

K'.l 

1 1 Sb 

Mojoiah 

H 

1 11 

b 6 

10 ) 

2*> 

20s 

2 so 

JOi 

2 75 

25:4 

2 

1 2()S 

Average of group 

16 

4 2 

5 11 

10 1 

1 7 

1 83 

1 00 

1 88 

1 96 

1 67 

1 75 

L85 

Average of Saretha 
group 

16 

4 8 

t 

,6 7 

1 

11 3 

1 3 

1 67 

1 72 

1 70 

1 76 

1 61 

1 66 

; 166 
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^TliniKS IN INDIAN SUGARCANE 


Average Measurements of Twenty Canes. 

Vnnefies in the Saretha mid Smimabile grouqis, 1916 , 13 months oW. 



A 

*s 

T. 

e with 

4^ 

0 

0 

XI 

« 

4^ 

c 

o. 

THICKNESS OF CANE 
(Centimetres) 

(The thiekneas of cane was measured 
by calipers) 


c 

■3 

Vi 

£ 

0 ► 

c 

et 

^ fr 

'tL > 

•S 

*► 

.44 

0 

cx 

Bottom 

Middle 

Top 

(mature) 

Average of the 
six preceding 
measurements 


c« 

Length 
dead lea 

0 

bJc 

C 

iJ 

3 

0 

H 

Lateral 

Median 

Lateral 

Median 

Lateral 

Median 

Sarbtha Group 












Baraukha 

23 

8 ' 2* 

r>' 8" 

1,3' 10" 

1-34 

1-40 

1"29 

1*31 

1-30 

1*27 

1*32 

Gaiida Cheni 

21 

7'ir 

r V 

1.5' r 

1 8! 

106 

1*97 

2*13 

1*94 

2*10 

1*82 

Chin 

2rj 

r 5 ^ 

6' r 

13' ()" 

1-36 

1 45 

1-29 

1-35 

1*.34 

1-36 

1*36 

HuUu Kabbvi 

21 

r r 

6' 9' 

14' 6" 

1-91 

2 02 

2*00 

2*11 

1*03 

2*07 

2*01 

Ja^anathia 

•23 

7' r 

6 2" 

13' r 

161 

1*71 

1*70 

1*77 

1*74 

1*84 

1*73 

Khari 

22 

0 ir 

6' 1" 

13' 2" 

1*72 

1-81 

1*78 

1-86 

1*61 

1*68 

1-71 

Baretha 

2S 

r 10 " 

7' 0" 

14' 10" 

1*43 

1\50 

1-.59 

1-65 

1*54 

1*58 

1*55 

Aperage of group 

23 

7 ' 7 * 

6 6" 

14' 0" 

1'60 

1*69 

1*66 

1*74 

1*63 

1*70 

1*67 

SuNNABiLE Group 

1 










' 

Bansa 

38 

8' 10" 

4' 8" 

13' 8", 

1-51 

1-61 

1*73 

1*76 

1*74 

1*93 

1*72 

Bansi 

32 

6' 10' 

5 r 

u ir 

1-6.5 

1-73 

1-67 

1*74 

1*67 

1*76 

1 70 

Dhor (Harrai) 

30 

7 r 

6 

13 S" 

1-96 

1 2-03 

2*04 

2*15 

1*99 

205 

2*04 

Dhor(Seoni) 

31 

7' r 

6' 5' 

14' 0" 

214 

2 '22 

2*30 

2*39 

2 17 

2“26 

2*25 

Kaghze 

: .32 

6' 10" 

5' r 

11 11" 

1-59 

1*67 

1*71 

1*83 

1 7.5 1 

I 

1-89 

1*74 

Ketari 

.30 

7 0" 

4 4' 

H 4" 

1-80 

1-86 

1*70 

1*78 

1-78 

1-92 

U8() 

Naanal 

20 

7 0" 

6'ir 

13' 10" 

2 08 

‘ 215 

2-01 

2*10 

1*04 

2*09 

206 . 

Putli Khajeo 

29 

9' r 

6' r 

lo' 2"i 

1-98 

2*15 

2*00 ; 

2*15 

2-07 

2*31 

•2*11 

Rakhra 


7' 4" 

.3 5" 

12' 8" 

1*83 

; 1*90 

1-74 1 

1*84 

1*78 

1*90 

1*83 

Sunnabile 

30 j 

6'ir 

r>' 8 " 

12' 7"j 

1 

1-94 

2*05 

1-96 

2*10 

2*00 

214 

•2*()3 

Average of group 

32 1 

1 

7 ' 6" 

6' 11" 

13' 4"' 

1 85 

' j 

1’93 

1*88 1 

j 

1*99 

1*89 ' 

! 

2*03 

1*93 

__ ' 

1 






! 



_ 

. - 
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Average Measurements of Twenty Canes. 

Varieties in the iSarethii group, 1916 and 1917. 


1917 ( HOP (9 MONTHS OLD) 1916 CHOP (13 MONTHS OLD) 



o 

s 




c 

a 

o 

a 



22 

c 

<0 

G 

0 



S 

a 

a 

‘o 

5 

i 

f. 

a 

•p4 

e 

iS 

fl 

[o 

o 

tt 

a 

u 

■s 

o. 

o. 

X 

thickness 

8 

c 

flD 

c 

ai 

d 

0 

.C 

m 

s 

c 

8 

d 

'o 

0 

pd 

•*» 

ta 

a 

d 

u 

'G 

0 

a 

■& 

71 

thickness 

22 


"S' 

Sa 

o 

i, 

B 

"o 

t* 

o 

,a 

a 

0) 

o 

bfi 

es 

« 

o 

.£3 

U 

a 

2 c 

O f 

.5 *o«^ 

0 uT 

s 

OJ fl f** 

sis- 

*0 

(4 

0 

B 

*0 

a 

pQ 

8 

0 

U 

2 

0 

0 

X 

1 

« 

2 s 

0 d 

0 

8 

0 


1 = 

95 


< 

2 

< 

OB" 

5? 


< 

ij 

< ■ 

d 

0 

Katha Section 




In. 

In. 

cm. 




In. 

In. 

cm. 


Raksi 

26 

29 

29 

3-7 

79-9 

1*30 

154 ... 




.. 



Katha 

28 

31 

31 

3 3 

73-6 

1-39 

1.32 .. 


••• 





Ramui 

25 

27 

27 

3-6 

70-4 

1*49 

118 . 




... 

... 


Lalri 

25 ' 28 

28 

4-1 

8ro 

1-38 

147 


... 





Chin 

30 

31 

34 

3-2 

77-3 

1-56 

124 36 

39 

39 

3-4 

06*3 

1*.36 

177 

Chiinnee 

30 

33 

,33 

20 

69 0 

lo.3 

118 ... 




... 

... 


Baraukha ... 

25 

2S 

28 

3*8 

74 9 

161 

116 32 

34 

3,5 

4*3 

102 9 

1*,32 

195 

Kansir 

26 

28 

28 

43 

86-6 

1*59 

136 . 





.. 


Chynia 

26 

28 

28 

,4-0 

8 

1*67 

1 1*22 ... 

t 




... 


... 

Burra Chunnoe 

28 

33 

33 j 

->•4 

' .54-3 

170 

1 80 



.• 




Saretha (blown) 

27 


•• i 

|3 9 

79-4 

1-71 

1 lie 42 

46 

47 

31 

106.5 

1-.55 

172 

Average of Katha Sec* 
tion 

27 

30 

30 

1 

1 

76 4 

1 54 

1 

122 ... 



... 


... 

” 

Mesanoan Section 




1 

1 










Mesangan ... 

26 

29 

29 

34 

70 0 

1-.59 ' 

110 . 



1 

i 

... 

... 

Saretha (green) 

,30 

33 

33 

3-4 

84 1 

1-64 

1 

125, ... 



1 

1 



Jaganathia 

22 

2.-) 

25 

13 

74 1 

1 70 

109 31 

34 

37 

37 

K5-9 

* 1*73 

124 

Khali 

23 

28 

28 

4-0 

73’4 

1*91 ' 

‘ 96 29 

31 

33 

.3 0 

1 101-2 

' 1 74 

145 

Hullu Kabbu 

21 

24 

24 

4-5 

73 2 

1-85 

99| 29 

32 

34 

14.4 

92*2 

2 01 

1 

115 

Ganda Cheni 

22 

26 

26 

46 

7'J 6 

2 03 

O?! 28 

.32 

33 

4-5 

9.5’4 

1 182 

1.31 

Kalkya 

27 


.34 

4 1 

831 

2*12 

98j ... 







Average of Meiangan 
section 

24 

28 

28 

i"' 

76 6 

1 

1’83 

112' .. 

1 



1 ... 



- 

Average of Saretha 

26 

29 

29 

3*8 

76 9 

1 66 

116 32 

36 

37 

39 

1 97 2 

1 67 

146 

group 






i 

1 

1 




1 

1 




sriTDIP^ IN INDIAN sugarcane 


Average Measurements of Twenty Canes. 

Vatkiies of the Sunnabtk group, 1916 and 1917. 


1917 CROP (9 MONTH8 OLD) 1916 CROP (13 MONTHS OLD) 


Ot o 

fc. I u 
© ® 

So e 


1 2 Z £ 

1: -M s a 

o r a> 

-fc -S'-* *5 

'0 0,0 
® ® 2 

•5 ^ £ ?> c s 

u o '2’^ '2 

c «* 5 a E o. e 

© > S e8 o = s 

j •« o r, 


E c 

S S 

.S ® S. 
S .2* 

^ 

c » 

•*- £ " 

O H-i 

(- © ® 

0) bc ^ 

'T -t* 

g u be 

® c 

o > ® 

» ◄ J 


In., In. 


*0 

© o 
£ 


Teru 

25 

29 

1 29 

1 

Rakhra 

24 

•29 

2S 

Ekat 

1 

26 

31 

.31 

Dhauhi 

28 

32 

12 

Kap,hzo 

25 

30 

.30 

Ketari 

25 



lianNa 

29 



Banst 

27 

30 

30 

Simnabile 

27 

32 

.12 

Piitli Khajee 

29 



Khadya 

29 

.34 

.34 

Naanal 

31 

31 

34 

Hotte Cheni 

29 

31 

.33 

Dhor 

20 

24 

24 

Mojoiah 

24 

28 1 

28 

Average of Suonabile 
group 

27 

30 

30 


53*S I 18 114 ' 

82*2 I 42 100 I 40 43 46 2 9 02 4 

I 

69 7 1 M illf) ' 

I I 

62 4 1 32 1118 I 31 ‘2 8 65 3 


06 0 1*71 I 0() 39 43 13 2*6 80 4 


171 no 

I 

180 118 


r)8M 105 SO .3K 43 44 2 8 85*2 1 80 118 

I 

75 6 1 75 108 43,48 49 3 1 107 4 1 7J 156 

612 2 03 75 42 I 46 47 2 6 «8 3 1 70 1.30 

I 66 0 2 03 81 44 47 47 2 6 04 1 2 03 j 110 

84 7 2 19 97 35 40 41 3*8 105*2 2 11 | 12.5 

70 0 2*17 81 I ... . ^ 

6-3 2 05 83 42*47 47 3*0 103*4 2*06 125 

52*0 2*20 59 ... 

41*2 1 86 55 43 46 47 2 9 99*5 2 25 111 

j 

67*3 I 2 6S 63 ... | * 

I 

64 0 1 85 87 40 46 46 2*9 92 1 1 93 119 

75 9 1 65 1116 33 35 | 37 3 9 97*2 I 67 146 


Average of SaretOa 
group I 
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Average Measurements of Ten Leaves. 

Yarielies of the Sareiha grou'p^ 1917 . 

(Measurements in Inches.) 



Leaf Sheath 

Width 

at 

base 

Clasping stem 
in terms of cxr 
cumference 

Width 

at 

base 

Width 
at top 

tio 

c 

« 

3 

X 

0 

s 

KaTIIA BECTION 




1 



Raksi ... 

146 

i 237 

1‘02 

' 940 

40 

0-63 

Katha . 


3‘04 

115 

1020 

3-3 

078 

Bamiii .. 

1-49 

1 272 

126 

10',30 

38 

092 

Lalii 

1 I'4S 

2-78 

1‘17 

' ii'O: 

4‘0 

082 

Chin 

1 1‘36 

2 60 

1‘10 

890 

34 

0-77 

Ch’innee 

1 1*44 

2ii(l 

1‘20 

1 8 70 

3 3 

0 80 

Baraukha 

144 

2‘50 

120 

lll‘5() 

46 

080 

Kansar 

1 155 

3*05 

1,34 

10 90 

3‘6 

0 93 

Chjnia 

1‘57 

2*98 

1‘25 

12 30 

41 

0-87 

BuriaChunnee 

l‘5l 

265 

l’,3.3 

12‘50 

47 

0-98 

Saietha (brown) 

1-50 

3‘42 

1*23 

12 40 

3‘6 

0-92 

Average of section 

r48 

279 

! 1‘11 

10 74 

38 

0 84 

Mesanoan section 







Mesaiigan 

1‘49 

2‘60 

125 ! 

12‘9() 

6-0 

1-05 

Saretha(gieen) .. 

1‘50 

.335 

1‘.37 

14‘30 

43 

115 

Jaganathia 

1‘44 

3‘01 

1‘27 

.3 5(1 

4-5 

102 

Khari 

1.39 

.3 08 

1*29 

13 25 

4-3 

1-04 

Hiillu Kabbii 

1-42 

306 

142 

14 65 

48 

1-06 

Ganda Cheni 

1 140 

3‘6‘2 

165 

14-85 

4-1 

1-21 

Kalkja 

1 138 

3-4.3 

1-53 

13 40 

3-9 

120 

Average of section 

143 

316 

140 

13‘84 

4-4 

1-10 

Average of group 

1‘46 

2-93 

1-22 

11-96 

4-1 

0-94 


Lamina 



Proper I 
tioiial 

hsijjhtofi ® 
widcBt I 5 
pait jo 


M7 50 
‘49 1 40 
45 1 51 

54 42 


39 ' .39 


•46 50 

48 * 40 

48 1 47 

■46 j 42 

50 48 

I 

‘46 45 

•43 I 44 

‘40 ,39 

•(w 36 

•.33 I .3S 

48 I 43 

•52 1 .3b 

47 I 42 

60 40 

I 

48 43 




Tern 

Kakhra 

Ekar 

Dhaulu 

Kaghze 

Ketari 

Bansa 

Banni . . ... 

Sunnabile ... 

Piitli Khajoe 
Naanal 
Uotte Cheni 
Dhor 

Mujorah I 

Average of group i 

Average of Saretha 
group 
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Averauk Mkasurkmk.nts of Ten Leaves. 

Varieties of the SunnaUk grouj), 1917 . 


(Meaanreniente in inches,) 
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• Lamina 






S 2 ® 






Lamina 


Lamina 
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Lamina / 





c 

cC*; V 

0 u 

U)«^ 

c S g 
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0 

Width 

at 

base 

Width 
at top 

X 

« 

a 

Width 

at 

/ 

/Midrib 

Midrib 

//jVlidril) 

z 

, ^Midrib 

X 

Distance | u 
from haspi g 
of widest 

Propoi 
tional 
height of 
widest 
pait 

V 


to 

c 

.3 

T5 

0 


at r 


at 6" 


at 12* 

at widest 

pait. 

d 

0 

1 H 

3 

•c 

0 

s 







62 


•86 


1'09 


126 






1-40 

236 

0-88 

102 

4-3 

•65 

•73 

•10 

•98 

•10 

119 

09 

1-32 

08 

IS 

3 7 

42 

:)4 

PS.”) 

2*65 

105 

12'2 

46 

•73 

•^u 

•11 

MK) 

•12 

1-.32 

•11 

1'.52 

•07 

20 

:{ 1 

.50 

30 

143 

280 

100 

0*90 

12 9 

45 

•80 

•63 

■16 

•92 

14 

P22 

13 

1 .35 

•11 

17 

3 11 

36 

31 

1‘4() 

2-SO 

12-4 

43 

•67 

•84 

•10 

107 

•n 

1-27 

■08 

1-.39 

•06 

17 

3 5' 

41 

30 

109 

i:n 

2'77 

123 

44 

•77 

•9S 

•12 

MS 

•12 

136 

•11 

P5() 

07 

19 

4 1) 

10 

35 

128 

137 

308 

12'5 

4’0 

•99 

112 

14 

127 

•16 

145 

•15 

162 

•11 

17 

3 7 

40 

29 


1’37 

327 

1.34 

1 1'28 

10'5 

1 32 

m 

•{HI 

•16 

1-45 

•16 

166 

•16 

183 

•10 

21 

4 2 

42 

131 

1-37 

3-3n 

llOfi 

3*2 

•99 

•88 

•12 

1-23 

•12 

1-.58 

•10 

184 

•06 

17 

3 9 

38 

24 


1-33 

3-27 

M9 

111 

1 

3-4 

92 

1-49 

•IS 

m 

•13 

1-56 

•11 

190 

•09 

IS 

3 .5 

44 

1 

1 t).i 

1-37 

3-89 

1-75 

133 1 


1-4S 


•19 


•18! 

•16 


•10 

2.5 

4 3 

49 

27 




1 



M2 

1 1-.33 


1-.51 


174 






136 

3-55 1 

1*50 

12*7() 1 

36 

MIS 


•14 


•16 


■16 


•12 

20 

4' 3' 

3!) 

29 


1 


1 



115 


1-32 

1 P.57 


18.3 






m 

370 

1-44 

12-5 

3-4 

M6 

114 

•13 

140 

•16 

171 

•16 

1-84 

•111 

21 

3 11 

4.5 

26 

1-40 

3-32 

1-39 

10.5 

3-2 

lOS 

1-60 

14 

1-79 

16 

2-0.5 

•14 

2^27 

•111 

1 

18 

3 10 

39 

24 

1-36 

4-70 

192 1 

14-4 

.31 

140 

101 

•15 

124 

20 

146 

•17 

166 

■17 1 

IS 

i 4 

3.5 

23 

139 

326 

130 ' 

120 1 

1 

37 

98 

79 

13 

87 

14 

98 

13 

126 

10 1 

19 

3 lO ^ 

41 

28 

146 

2 93 1 

1 

122 1 

__ 1 

1196 1 

1 

41 

94 

1 


•19 


18 


16 


09 

26 6 

4 5 1 

1 1 

48 

43 


* These figiiies aie not truly coiieietont, being obtained from diiferont aots of meaaiiieiuonts. 




SaKKTHA OROl'l* 
liainiikliii 
(jnnda OluMii 
Cliin 

Hiillu Kabbu 

Katha ... 

Kburi .. 

Saietha 

Average of Saretha 
group 

SUNNAIULE (iHOUr 
Iknsa ... 

Bansi . . 

Dliaiilii . 

Dhor (Haiini) 

Dhor (Seoiii) 

Kaglize ... 

Kotaii 
Mojoiah 
Nuanal .. 

Putli Kliajee 

Rakhra .. 

Suiniabile 

Average of Sunna 
bile group. 


200 

AVSBAOe MBAIDReHENn ov Xx.v Lcavks, 

8 mth and Sunnabik groupt , 1916 . 

(Meaiuk'ementi in inchii.) 


Licaf Sheath 


* Lamina 


1-I5 

1-4:1 

1-45 

M(j 

1*51 

1*36 

(-150) 

r 45 

(1 21 ) 
1-33 
11:1 

1 :i:i 
i- 4 r) 
131 

1*39 

i:i3 

1-3S 

1-37 

(I'iiO) 


Width 

at 

base 


2- SO 

3 - 02 

2- 7S 

3- 24 
3-44 
3' 22 
3'22 
3-00 
309 

m 

2- 92 
2-68 

3- 44 
3-S3 

3- (18 

4- 74 
:i-36 
3-64 

2-86 

314 


Width 
at top 


Width 

at 

base 




l-2.» 11-7 

1-44 14 5 

1-02 9-7 

1-28 i:)-7 

115 12Ti 
M() 

1-40 12‘9 

Ml 12-0 
1-23 (lii) 


4-2 

4-8 


3-1 


1-35 3 37 


40 

n 

(3'8) j 

I 

I 

1-3.) 12-0 H 

M7 10-1 ' IIS 

1 * 0 ) 

1-50 11-4 n 

1-66 
0-99 


(1*70) 

1’22 

1-72 

1*29 

MG 

134 


12-3 3-2 

12-(} 41 
10-7 


12- 0 .3-8 

13- 7 3-S 


IM 

10-8 


3-7 

34 


-.84 
M5 
•62 
1-09 
3-1 ' 1-03 


■73 

M7 

•95 

•95 


99 

■6G 

1-02 

l-.3() 


I 1-45 


1-34 

•90 

88 


(ir?) ' (3-6) ^ 1 03 


Lamina / 

Lamina 

1 Lamina 

Lamina / 






1 




Distance 

1 "S: 





, 





Midrib 

Midrib 

Midiil) 

, Midiil 

to widest 

1 0 

r fr. base 

6" fr. base 

Pi'fr.base 

At widest 

pai t 

« 

0 

- 






phico 



G4 


•75 


•91 


M4 





•18 


•16 


•13 


■07 

24 

4' 2' 

•94 


1-02 


115 


175 





•2C 


■23 


•22 


•11 

34 

5' 0" 

•62 


•82 


MO 


12« 




1 

•If) 


•18 


•13 


•11 

18 

3' 10’ 

•88 


• 9:1 


114 


1-58 




1 

•19 


•21 


•IS 


•11 

23 

4' 9" 

' -77 


•78 


•90 


P57 





'24 


•25 


•25 


•09 

37 

4' 6' 

•6.3 


•66 


•79 


l-Ol 





•15 


•16 


•13 1 


•Of) 

21 


• 9 .") 


1-09 


1-25 

, 163 




1 

•26 


•23 


•21 


•12 

27 

4' 10’ 

1 '85 


•95 


l-OO 


M3 





•17 


•16 


•13 1 


•09 

19 

4' r 

•79 


•88 


103 

1 

i;49 



♦ 


•19 


•20 


17, 

1 


•09 

25 

i 

(4' 5’) 

4fli 


115 


1‘36 


1-50 





-24 


•22 


•19 


•i:4 

22 

3 ir 

•84 


M2 


160 


1’78 





•IS 


•15 


•16, 


•1'2 

15 , 

3' :r 

•70 


91 


M5 


1 '22 





•13 


•12 


•10 


•08 

14 

... 

102 


M9 


jl51 


l-7.‘» 





•16 


•18 


•16 


•1*2 

19 

4' r 

1-29 


M5 

1165 


2-07 





'22 


•23 


•21 


•13 

23 

4' 5’ 

•73 


•87 


117 


1-37 





•13 


•15 1 

•14 


•08 

18 

1 

.3 8 

146“ 


1-76 


1 92 


2-25 



3' 2 


•2f 


•19 


•19 


•16 

20 










1 

3'ir 

M9 ■ 


1-2-2 


M7 


2'(I7 





*22 


•21 


•17 


•09 

23 

4' .') 



102 


M6 


1-39 




. -79 











14 


•15 


•12 


■08 

IS 

3' 6' 

•92 


1-20 


171 


1-86 





•15 


•14 


■11 


■08 

IS 

.3 5 

MO 


M9 


1-17 


1-73 





•18 


17 


•15 


•11 

' 19 ' 

i.i 9 1 


Propor 

tional 

hei^lit 

of 

widest 
|iart * 


48 , 44 

■57 34 

3') :iG 

40 :ili 

67 I :I4 

47 , .31) 

■:i!) 43 

♦ I ♦ 

( 47) (38) 

47 .‘11 

•:is 22 

3S 2S 

•4.3 2li 

42 .32 


( 42) 


I2| 1(27) 


These tiirnres aie not truly enusistent, heinff obtained from different sets of inea.siirRinents. 



( 210 ) 

Average length oj sucmsm joints. Varieties of the Sarellia Group, 1917 . 

Numlx 

Katlia section {McaMiiviiK'nls in iiichcf') of 


iUksi 

4d 

4-7 


0-2 

4 '7 

4-1 

1-0 

H-9 

4-1 

H-7 

H-H 

H-O 

2-H 

2-H 


2-1) 

H-l 

H-U 





Hi) 

2*7 

2H 


I-!) 

0-7 

0-L' 

0-1 

2(1 

Ivatha 

n 

4H 

4o 

i-4 

4 2 

4-2 

4-1 

4-0 

H-7 

H-S 

H-O 

H-l 

2-7 

2-0 

2-H 

2-H 

2-H 

2-4 

2-H 

2-1 



1!) 

1-0 

1-2 

Oil 

0-0 

OH 

0•2 

0-1 

2S 

iUiiiui 

Ho 

Hi) 

H-S 

1-0 

4 0 

H-S 

H-7 

H-4 

HO 

H-7 

H-7 

H-S 

Hii 

H-l 

H4 

H-l 

H-O 






2-4 

1!) 

10 

1-4 

HI 

OH 

0 2 

0-1 

2H 

Lalri 

Ht) 

4-4 

l-S 

4-S 

HO 

H-1 

4-4 

4-1 

4-H 

4-H 

4 0 

H-7 

H-7 

H-H 

H-H 

H-H 

H-H 






H-2 

2' 7 

2-1 

IH 

HI 

(H 

OH 

0-1 

2H 

<;iiin 

Ho 

H!) 

f-o 

4-4 

4-4 

4H 

l-H 

4-1 

HU 

Hii 

H-H 

HH 

H-H 

2-8 

2-S 

2-H 

2-0 


2-1 

M) 

1-7 

1-0 

1-4 

1-1 

1-0 

1-1 

OS 

0-1 

0-2 

0-1 

HII 

<!humi«e 

HI 

H-7 

to 

4-1 

l-H 

4-2 

lil 

H'7 

H-H 

H-l 

2-1) 

2-H 

2-2 

2-0 

2-H 

21 

21 

1-1) 

2ii 

2-0 

1 -y 

1-0 

1-0 

l-H 

1 I 

HI 

O'S 

IN 

0-2 

0-1 

HO 

Ifaiaukha . . 

HH 

H-S 

4 0 

4H 

4-2 

4H 

4'l 

4-H 

1-4 

4i) 

H4 

H-2 

H-H 

H-O 

H-l 

H-2 

H-H 






2-0 

IS 

l-H 

l-H 

0-1) 

0-1 

0-2 

0-1 

2H 

Kaiisar 

41 

4-S 

ol 

Hi) 

HI 

0-1 

Hi) 

4-0 

4-0 

1-2 

4-2 

4i) 

H-S 

H-O 

H‘S 

Hi) 

H-4 

2-U 





2-1) 

2-:i 

1-0 

HI 

(l-s 

0 1 

0■2 

III 

2(1 

f'hynia 

H'S 

4-1 

4-4 

4-0 

l-ii 

4H 

1-4 

4-H 

4-0 

1-2 

H-7 

H-4 

H-S 

3-7 

H-O 

HH 

H-3 

H-l 





2-1) 

2-1 

I'll 

l-H 

111) 

0 4 

0 2 

0-1 

2(i 

Hurra Cliiiiiiioo 

H-O 

HO 

2\S 

2-S 

Hi) 

2-S 

2-7 

2-7 

2 H 

2-H 

2-1 

2i) 

>).•> 

2 2 

2-H 

‘I 0 

2-0 

1-1) 

l-s 

1-8 



1-7 

l-H 

1-0 

OS 

0-7 

0-1 

0-2 

Ol 

2S 

Saretha 

4’0 

l-s 

4-!) 

/VO 

4-1) 

4-S 

4-li 

4-1 

H-S 

H-O 

H‘4 

H-2 

2-7 

2-0 

2-y 

H-l 

Hi) 

2-1) 

2-0 




2-1 

l-s 

l-H 

1-1 

l-l 

0•H 

0 2 

0-1 

27 

Av. of section 

HU 

41 

IH 

4-4 

4-1 

4-H 

l-l 

H-!) 

H-i) 

H-7 

H-4 

H-2 

H-l 

Hi) 

H-O 

2!) 

2-1) 

.).♦ 

2-4 




2-4 

11) 

1-0 

1-2 

l-l 

0-H 

0-2 

0-1 

27 

M(».sHngHii se( 

•(ion 































Mesaiigaii 

H2 

4-2 

4-7 

4-1 

4-1 

H-7 

HO 

1-1 

4H 

4i) 

H-4 

2 0 

2 4 

2-H 

.) .») 

2-4 

2-0 

2-4 





2-H 

2H 

10 

l-H 

0-11 

0-H 

0-2 

0-1 

21 i 

Sarodia 

Ho 

4 0 

l-o 

4-0 

IH 

4-1 

H-S 

H-7 

H-0 

H-H 

H-H 

HO 

2-1) 

2!) 

2-7 

Hii 

HI 

2-y 

2-S 

2-7 

2-0 

2-0 

2-0 

2-0 

2-0 

1-4 



0-2 

0-1 

HO 

.Iiigaintliia .. 

HI 

H-S 

4 '2 

HO 

H-O 

4il 

4-.) 

l-H 

4-H 

lii 

4 2 

4il 

4 1 

H-U 









H-O 

H-O 

H-O 

2i) 

l-l 

0-H 

o■2 

O'l 

22 

Khari 

H'!) 

HH 

H-S 

1-2 

1-7 

4 -I) 

IS 

4-1 

4-4 

1-2 

4-2 

12 

H-S 

H-7 

H-l 








H-l 

H-2 

2-S 

1-11 

l-l 


0-2 

01 

2:1 

lliillii Kal»l)u 

HO 

40 

H!) 

4-2 

Hi) 

H -2 

HI 

4-7 

10 

4-7 

l-s 

4-0 

4 4 










4-7 

HII 

20 

1 11 

1 1 

0-.‘, 

O' 2 

01 

21 

<iaiida('lieni 

2-(l 

Ht 

t-| 

H H 

Hi) 

4-7 

Hi) 

4-7 

H-2 

Hi) 

H-O 

4-7 

l-H 

4-H 









1-2 

H-4 

2-0 

l-s 

l-l 

(Hi 

0 2 

0-1 

2-. 

Kalkya 

HI 

4-0 

IS 

l-S 

4-S 

Hi) 

Hi) 

4-7 

4-!) 

4-H 

4-H 

1-2 

4-1 

H-l) 

H-S 

H-4 

2-1) 

2-4 

1-1) 




l-H 

1-2 

1-1 

1-0 

0-7 

0-4 

0-2 

01 

27 

Av. of section 

HI 

HS 

4H 

1-7 

4-S 

4-0 

4-H 

14 

4-H 

4-H 

1-2 

H-l) 

H-7 

H-H 

H-4 

H-2 







H-l 

2!) 

2-H 

1 0 

H) 

OH 

Ol’ 

O'l 

21 

Av. of group .. 

H-4 

4i) 

4H 

4-0 

4-li 

4-1 

4-H 

4-1 

4-1 

H.O 

H-7 

H-H 

H-H 

H-2 

Hi) 

2-1) 

21) 

2-S 





2-7 

2-H 

1-8 

1-4 

H) 

O'H 

0-2 

(l-l 

2(i 


For eur\os of the Sarotlia and Siinnaiiilogninp jncragfis, see pages in Detailed List of CliarartiM's. 
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Acmge kngih of sumske joints. Varieties of tk iStinnaldle Oroup, 191 ", 


(M(«huroniout.s in inelios) * 

ji)iiiK 


Ttiru 

.. 3*2 

31 

32 

<r 

3-4 

3(1 3-9 3'7 

3.) 30 21 ; 

2-3 

21 12) 

1-7 1-7 

12i 

l-.l 

'' 





1-7 

11) 

1 (1 

13 

0 7 

01 

0-2 

1 

23 

Hnkhra 

.. 3H 41 

M 

1(1 U 3:8 3!) 

3 7 3.) 3 1 

32) 

31 2 8 

2-4 2-2 

2-4 







•) •) 

2)1 

1 1) 

13 

0 7 

0 t 

0'2 

1 

21 

iSkar 

.. 3‘2 

34 

3-.) 

* 

37 

3-8 3!) 10 

3 8 3 ti 3 4 

3-2 

30 22) 

27 3f 

22) 

'm. 

27 

2 :. 





221 

2 4 

2 3 

1 (1 

OS 

0 1 

0 2 

1 

2li 

Dhaulii 

.. 32 

33 

3•7^;j^) 

3 2 2 !) 30 

31 314 31 

28 

2 3 2 ’’ 

20 2-3 

2:» 


23 

N| 

2'1 

21 



IS 

10 

13 

1 0 

(111 

0'4 

0 2 

1 

2S 

Kagliza 

22 

31 

3(} 

d 


3 7 3 8 3-:» 

3:1 

3-1 22) 

2 0 2-8 

2-8 

2'.) 






3 1 

2'S 

2 3 

1 s 

0!) 

Ot 

0 2 

1 

2.) 

Kotari 

.. 24 

2‘S 

31 

3':» 

35 :m 2-8 

31 3-2 3 3 

3'4 

3 0 2-7 

20 2 0 

2-4 

2-2 






2 0 

1-7 

1 0 

13 

1 1 

oil 

O'J 

1 

2) 

Haiisii 

.. 2-!) 

3-2 

3-1 

3() 

3-7, 3‘7 >7 

3 :1 3 2 3'3 

>• 

33 

3 .) 34 

3 2 30 

2-7 

27 

2’7 

21) 

2*.) 

2‘4 


21 

21 

1 !) 

1 :. 

0!) 

0 3 

O-J 

) 

2') 

Bail'll 

.. 2-3 

2'() 

2*8 

22) 

?■* 

3-0 BM) 3*1 

31 3*2 31 

31 

30 20 

2-8 20 

2-7 

2 :) 

2-3 

2’l 




10 

1.) 


M 

0'7 

0 3 

0-2 

1 

27 

Simnaliilo 

.. 2-8 

31 

3-2 

33 

30 31 n 

:u,31 3(1 

31 

31 30 

20 20 

2-7 

2-7 

20 

2-4 




2)1 

10 

1 11 

1'2 

0!) 

0 3 

0 2 

1 

27 

I’ulli Khajoft 

.. 2-7 

3'3 

3-4 

3-(; 

3*7 32) 32) 

i 

3-3 BIO.) 

k 

321 30 40 H 

40 38 

3 7 3-:) 

3-4 

3-4 

33 

34 

38 

3-2 


2 :. 

20 

1 (1 

I-) 

OS 

0 1 

1)2 

1 

20 

Kliadyii 

.. 21 

2-.) 

2-!) 

3'2 

3 3 3-2 31 

31 

31 31 

30 20 

27 

2tl 

2‘r) 

21 

2-1 

10 20 

IvS 

1-3 

11 

111 

1-3 

07 

DO 

0 2 


31 

Naanal 

.. Ml 

23 

2‘3 

2-4 

2-8 3-1 3'1 

321 i'S 2-8 

2 !) 3*2 3 2 

3 0 2-7 

20 

20 

2*8 

22) 

22) 

2-:) 21 

10 

1(1 

1(1 

13 

(III 

0 7 

0 1 

0 2 


31 

Hot to Clioiii 

.. 2'fl 

3-2 

3-2 

3-3 

3'3_.3 j-4H'n'r;"3o 37 

321 

3*5 3-:) 

30 33 

3-4 

22) 

2-5 

2-3 

22) 

1'8 


1 (1 

11 

12 

Oil 

Oil 

0 1 

0 2 

1 

20 

Dhor 

.. 2-5 

2-!) 3 0 n 

3-2 30 2-7 

21 ; 2 (1 2 () 

2:» 

21 









1!) 

IS 

1 fl 

12 

OS 

o-i 

0 2 

1 

20 

Mojorah 

.. 31 

3'0 

3'!) 

4-4 

4-2 4-2 4-3 

4*2 4*2 3*8 

3’4 

3 3 3-3 30 2 8 

23 







22 

1!) 

1 (1 

1 (1 

12I 

IK) 

0 2 


21 

Av. of group 

.. 2-7 

31 

3-3 H 

3 4 3 r) 3'5 

3-4 3-4 3‘3 3 2 

31 30 

20 20 

2-7 

2‘4 

2-3 
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PREFACE. 


The rice breeding work in Sind was start.ed in the harvest season of 1921 by 
Afr. T. F. Main, B.Se., O.B.K., then De])uty Director of Agriculture in Sind, when 
a large numl)er of single earheads in 10 varieties of Sind rice had been selected. 
These wer(‘ InuKhnl over to me for study in February 1922 when the work was placed 
in niy charge. More material was (‘olltM'ftMl by me in the following season. By 
lh(‘ end of 192.*! I preparc'd a note embodying my work regarding classification and 
description of Sind rie(‘s, their morpliologieal and agronomic charaeters, problems 
of fertilization and stt^rility and stdeclion and testing of strains m the three prin- 
cipal local varieties. This not(‘ was llnm submitted by me for pnldication as a 
memoir but T was advised by the Director of Agriculture, Bombay, to postpone the 
pul)licatioii till I lunl obtained inor(‘ comprehensive data on the subject of selection 
and breeding of improved strains which after all was the ultimate object of the 
sludy. 

At this stag(i Mr, Durgadutt joimsi me as Graduate Assistant for rice breeding 
and since Ihejj, from I92t, we concentrated our attention on further work of selec- 
tion and bnssling in Sind ric(‘ and also on aeclitnitization of foreign rices. The 
d.ila then obtaimsl vv(‘r(‘ incor])orated ]>v iin* in my original note. For the assist- 
ance' rendered l)y Mr. Durgadutt I am thankiid to him and have associated hie 
ii.inK* as joint author. 

I also acknowledge my indebtedness to .Mr. T. F. Main, B.Sc., O.B.K., for hia 
encouragement during Die (‘arly })art ol this wort and to Dr Harold H. Mann, D.Sc., 
lor his valuable help in presc'ntiug this nn*moir in its present form. 


K, I. TllADANI, 

Botanist, Aijncultural Mesearch Station^ Sakrand (Hind), 
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I. Introduction. 

By far ihc iiiosL (‘xU‘Hsiv(‘ly ^rowii d'oi) in Sind ls rioo, tliouj^li this province has, 
III IK) [)art, where riee is eulliva((‘(l, a ^nMter avcaaj^e rainlall than ten inches 
per ainuini As a result, it is (‘\elusiv(‘ly .m irrj;4«il<‘(l crop, dependin^^ at presiuit on 
the How^ in inundation canals from the river Indus, in wdiieh w^ater is available, as a 
rule, only from June to Septemlsu* In ypite of this limitation, tlu‘ total area under 
the crop is about one and a cjuarler mdlion a(*res, dividi'd betvvemi two tracts of very 
dilhuent character, widely sep<irat(‘d fiom one another. f shows the ilis- 

tributioii and the relativi* intensity of rice cultivation in these tracts in the last year 
for which we have records, and tin* following tabl(‘ indicates tiie areas in the ditlereut 


Districts. 

Arr.i in 

DiUik-l 11)25-20 

Acn*a 

Larkana ........ . . 412,271 

tSukkiir ............ 78,1)53 

Upper Sintl FituiluT .......... 111,285 

Na\Sci])s]iali ............ 50,44.5 

Hyderabad 201,717 

lliar and Parkar ........... 01,20.1 

Karachi 240,1)07 


( 115 ) 
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RtCE, 



Fk;. I. DNtrilmllon of rice ciop in Sind. 

The Cppor Sind rice truct is CiMitred on the Larhana District, Imt extends into the 
Siikl <ur and UppiT Sind Frontier Districts. Tli(‘se are among the liottest areas in 
India, hut arc .siippli(‘d with water by How irrigafioii in th(‘ inundation season. The 
land is alluvial and is usually well drained naturally. Tlie conditions are ver\ 
suitable for rice cultivation, yields up to ‘],200 lb. of grain p(‘r acre are not unconimo]i, 
and liigh class rice is grown. Almost all idu' crop is transplanted from nurseia 
beds. 

The Low^er Sind rice is grown in an area wliich is, to a great extent, actually 
the delta of the Indus, with an extension to the east into the Nara valley. It com 
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prises the lower parts of the Hyderabad and Karachi Districts (known as the ‘ Lar ’) 
and a portion of the Thar and Parkar District. The area dilTors from Upper Sind in 
a considerably cooler climate during the rice growing season, both by day and night, 
and far more moist atmospheric conditions. The water is much less under control 
than Upper Sind, and hence the rices have to bo and are adapted for the diH^p watiM’ 
conditions which prevail in a large part of the tract. The crop in tlu' Nara valley 
and in a large part of the Lar is broadcasted ; in the remaindt^ of i he Lar it is trans- 
planted as in Upper Sind. 

The varieties of rice grown are, as would be judge<l, very various and widedy 
differing in character, and the object of the pnvsent ]>aper is to present, on the on(‘ 
hand, a classification and short description ot tin* special (‘haract(*rs of tin* various 
types which have been found, iind on the other, to describe tlie investigations whiidi 
have been made on three of the more important vari(‘ties grown in Upfier Sind, 
and on their improvement. These three* varieties arc*, /vu/n/ai, a ty})(* which occujiies 
seventy-tive per cent, of the area under the crop in Upper Sind, and Jajai and Prong 
two commonly grown so called sugdasi or flavoured varieties. 

11. Classification of varieties of rice in Sind. 

Species of rice in Sind. Though almost the whole of the rice found in Sind, 
cultivated or wild, belongs to the species Orgza satica^ yet there occurs in tlie delta- 
in the Shah Bunder taluka and the Keti Bunder mahal of tlie Karachi District — 
a wild species which has been named Oryza eoarctata or Oryza tritirouks. Its occur- 
rence is limited to the swamps of the Indus delta wlu*re salt water mingles with lr(‘sh 
water. There the plant is known as suan grass, and the grain as nanoi. The mature 
grain sheds completely, and is gathered by the local inhabitants for food, while the 
straw is eaten by cattle, especially by buffaloes. The grain resembles wheat, and is 
stated by Watt to be carried all over India by Hindus tor use on certain ceremonial 
occasions. 

No further reference need be made to this special wild form of Oryza. There are. 
however, very many varieties of Oryza saliva, or rice proper, both wild and culti- 
vated. The wild forms often appear as weeds in cultivated rice, and are frequent 
sources of contamination. Most of the wild types arc characterised by the pres(*ncc 
of long, very rough and stout awns, which arc usually red or even scarlet, in colour, 
and all have the character of shedding most or all of their grain. 

The cultivated varieties of rice in Sind are many, and thirty-live of these have 
been classifled in the following table. In this table, the first distinction has be(‘n 
made between bearded and beardless rices, and then the following ch.iracters' 
have been used in succession in separating the various types : — 

(а) Colour of leaf sheath - green or red. 

(б) Colour of grain — whiti* or red. 


‘ 'Chose ohaitu tois, as applied to Sind rne-*, aie tlistinsed full} on ji.iues IJl Ills. 
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(c) Character of grain —long, fine or coarse. 

(d) Colour of inner glumes, white, yellow, red, or black. 

(e) Colour or lack of colour of the Up of inner glumes. 

(/) Colour or lack of colour of the outer glumes. 

Using the characters iuuikhI, in this order, it has been possible to bring all the knowi 
varieties of rice in Sind into one comprehensive scheme. 

Beardless varieties. 

I. Rice with green leaf sheath. 

1. Grain white. 

B. Grain fine. 

(a) Inner glumes white. 

(i) apiculus and outer glumes colourless. 

Variety J. Par sad. 

„ II. Barsati. 

(b) Inner glumes yellow. 

(i) a])iculus and outer glumes colourless. 

Variety III. Jirashahi. 

(ii) apiculus and out(T glunn^s coloured. 

Variety IV. Jajai. 

,, V. UntuuHcd iu'w Type A (Saydasi). 

„ VI. Chajrai. 

,, VI 1. Unnamed new Type \ . 

(c) Jniier glumes red. 

(i) apiculus and out(‘r glunu’S colourl(‘ss. 

V ariety V 1 1 1. Red Ka nyro. 

,, JX. Bidri. 

„ X. Sathri. 

(ii) ajnculus and outer glumes coloured. 

Variety XI, Ratrya. 

C. Grain coarse. 

(a) Inner glumes white. 

(i) apiculus and outer glumes colourless. 

Variety XII. Ganjro. 

(d) Inner glumes black. 

(i) apiculus and outer glumes coloured. 

Variety XIII. Pista or Kariaro. 
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II. Rice with red leaf sheath. 

1. Grain white. 

B. Grain fine. 

(a) Inner glumes white. 

(i) aj)iculus and outer glumes colourless. 

Variety XIV. Katigtn. 

„ XV. Sathrya. 

C. Grain coarse. 

(a) Inner glumes white. 

(i) apiculus and outer glumes colourless. 

V ariety XV 1 . K h tij ro. 

„ XVII. TorL 

2, Grain red. 

B. Grain fine. 

(a) Inner glumes white. 

(ill) apiculus (oloured and outer glumes colourless. 
Vari(‘ty XVlIf. Unnanud New Type G, 

(5. Giain coarse. 

(а) Inner gJumes whiti*. 

(i) apiculus and outer glumes coloinless. 

Variety XFX. Hindhi kambrotK 
(iv) apiculus coloured and outer glumes colourless 
Variety XX. Unnamid NiW Type Y. 

XXI. Gfwja. 

„ XX 11. Lari, 

„ XXTII. Motya. 

BiOAUDKD VARIETIES. 

I. Rice with green leaf sheath. 

1. Grain white. 

A. Grain long. 

(б) Inner glumes yellow. 

(i) apiculus and outer glumes colourless. 

Variety XXIV. Sighro, 

(c) Inner glumes red. 

(i) apiculus and outer glumes coloured. 

Variety XXV. Sonahiri. 

„ XXVI. Soda Guhb. 
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J3. Grain j&ne. 

(a) Inner glumes white. 

(i) apiculiiR and outer glumes colourless. 

Variety XXVII. JJnmtined New Type B. 

(b) Inner glumes yellow. 

(ii) apiculus and outer glumes coloured. 

Variety XXVII 1. U mamed New Type (7, 

„ XXIX. Pwny. 

XXX. Bengalo. 

C. Grain coarse. 

(a) Inner glumes while. 

(ill) apiculus eoloiiiless and outer glumes coloured. 

Variety XXXT. Motiato, 

II. Rice with red leaf sheath. 

2. Grain red. 

B. Grain fine. 

(a) Inner glumes white. 

(ii) apiculus and outer glumes coloured. 

Variety XXXIl. Unmmcd New Type Za. 

C. Gram coarse, 

(a) Inner glumes white. 

(i) apiculus and outer glumes colourless. 

Variety XTtXIlI. Unnamed New Type, D» 

(iv) aiiiculus coloured and outer glumes colourless. 

Variety XXXIV. Unnamed New Type Z. 

{d) Inner glumes black, 

(ii) apiculus and outer glumes coloured. 

Variety XXXV. Unnamed New Type E. 

This table represents the \thole of the types d rice which have reached the 
author^s hands from various parts of Sind. It will be seen that they present great 
variety. Out of the thirty -five varieties twenty-three are beardless, and twelve 
bearded. The leaf sheath is green in twenty-one and red in fourteen cases. Twenty- 
five rices have white grains, and ten have red grains. Thirteen types are classed 
as coarse. Twenty-seven types were obtained in* Upper Sind, and nine in Lower 
Sind.' 

D :s ^RiPiuDN OF HICK vAuisri'.s. The following notes indicate the status of each 
of these varieties in the cultivation of the crop. 
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Beardless varieties. 

I. Parsad, A sample of this variety was obtained from a Zemindar in the 
Larkana district. It is also known as Sukh Parsad. Its grain is fine and white, 
and it is early. The straw is strong. It is not grown on a commercial scale. 

II. Barsati. This is a Lower Smd rice and was obtained from Tando Ghulam 
Hyder (Lower Hyderabad). It gives a fine white grain, is early and yields fairly 
well. It is not grown on a very large scale. 

III. Jirashahi. This also comes from Hyderabad. Its grain is very small, 
hence its name which implies resemblance to a cuminscod. It ripens late, has 
strong straw and has a large tillering capacity. It is not grown on a commercial 
scale. 

IV. Jajai. This is an important, scented, sugdasi variety ranking among the 
highest quality rices of Upper Sind. It usually brings a premium of Rs. 4 per maimd 
of clean rice over Kangni. It is earlier than Prong, a sugdasi rice grown in the 
same area, but tends to lodge. The straw is very tough (and hence threshing is 
tedious), and it is not liked hy cattle. The area under this variety is not very large, 
being chiefly in the Mirokhan and Kambar talukas of Larkana. Its yield is low 
compared to Kangni and Prong. 

V. Unnamed new type A, This is a new sugdasi type discovered as a strong 
plant, which has a fine grain like Jajai. It is very early but is a poor yieldcr and 
shows much sterility. 

VI. Chajrai. This is a Lower Sind rice, not grown on a large scale. Its grain is 
fine and white, but it is a poor yielder. It is a medium ripener. 

VII. Unnamed new type X. This is a Sugdasi type found in a field of Jajai, 
ripening earlier than the latter. It is scented and yields fairly well, and the grain 
is fine and white. 

VIII. Red Kangro. This is an early Upper Sind variety with a superior white 
grain, though with a red husk. The yield is higher than the common quick maturing 
types. It is not grown on ? large scale. 

IX. Bzdn. This early rice, grown in Larkana on liigh lands, is a dwarf variety 
with a coarse grain. It can withstand a good deal of salt in the soil. It is grown on 
a tair scale on high lying lands. 

X. Sathri. This variety, commonly grown on high lying lands in Upper Sind, 
is early ripening, but gives a poor grain, though its straw is much liked by cattle. 
It can withstand a good deal of salt in the soil. 

XI. Ratrya. This is a variety common in the Nara valley, where it is known as 
Kara rice. It is also grown in the Tando area of Hyderabad under the name 
* Khorwa * rice. It is the best in quality of Lower Sind rices, giving a white medium 
quality grain and yields fairly well. It has a very light husk. 

XII. Ganjro. This is a very early Upper Sind variety which is grown on high 
lands in small patches. Its grain is coarse, and the straw is brittle but much liked 
by cattle. 
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XTIT. Pisla or Kariaro. This variety is termed Pista owing to its small grain 
resembling a pistachio nut, and Kariaro on aerount of its l>lack hiisli. It is an Upper 
Sind type, and is tall, late in maturity, and yields fairly well. 

XTV. Kangni. This is the standard type of rice for Upper Sind, and is grown on 
all kinds of soils except those which lie low. The grain is white, medium in 
quality and the straw is good. It forms the staple food of the mass of the popula- 
tion, and is parl)oilod ancl th<m ex])orfed on a large scale. 

XV. Safhrga. This is a type very similar to Kangni in the Nara Valley in 
Lower Sind. It gives a tall plant which lodges ])adly, matures early and only 
gives a small yield. 

XVT. Knnjro. This U])per Sind vari(*ty is very rarely grown. It is lab' type, 
has a im'dium sized ])lant, Avilh a white, small Init coarse* grain. 

XVll. Torh. This is an im])orfant variety in Upper Sind for high lands, and it 
can withstand salt in tin* soil fairly \\(‘ll. It is a heavy yi(']d('r and has good straw, 
but sheds its grains badly. The grain is coarse and feiehes a low price* in tlu* mark(*t. 

XVITT. Unnamed new tgpe (}. This w^as found as a stray plant, with a fine red 
grain, in a field of hingni rice. It did not l)ree*d tnn*, but a type* as d(*scrib(‘d has 
been isolated and maintaim'd. 

XTX. Sindhi Kamhroo, This is an early vari(*ty from Ijo\v(*r Sind, with coarse 
red grains —not extensively grown. 

XX. Un mimed new li/pe Y. This was again found as a stray ])lant, and has 
been maintained. It is a tyjie with a V(*ry heavy gitiin, yielding high and giving a 
coarse red grain. 

XXL Chinja. This is a Lower Sind variety grown on high lands, maturing 
earlier than Motga (see below). It lodges very badly, ifs grain is rath(*r coarse and 
brittle and is very low pric(*d. 

XX 11. Lari, This is an Upper Sind variety whose nann* implies that it was 
originally obtained from Low(*r Sind. It is grown on low lands, and the jdant is 
tall and matures late. It lo(lg(*s very badly. Tin* grain is V(*ry poor and sells at 
a very low price. 

XXITI. Motga. This is a low land variety from the South of the Hydoraliad 
District. It is a tall plant and matures late. The gr.nn is coarsi*, red and heavy, 
and fetches a low price. It is largely used in liyd(*rabad. 

Bearded varieties. 

XXIV. Sighro. This is an Upp(*r Sind variety, early ripening and occasionally 
grown on ])atchea on high lying land. The plants are not tall and the straw is much 
liked by cattle. The grain is fine and the yield fairly good. 

XXV. Sonahiri, The colour of the husk of this rice is deep red, and it is 
obviously closely related to Sada gulah (see l)(‘low), tfiuugh later than the latter. 
It is an Upper Sind variety, which has a ' ery light-, thin, brittle grain. The planr. 
tends to lodge badly. 
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XXVI. Sad^i gvlab. This is a superior svgdasi variety in Upper Sind, with a 
rose coloured husk. Tlie idants are tall and lat(* in maturing. Tin* grain is some- 
Avliat lighter than Prong and higlier in quality than th(‘ latter but very brittle. It is 
, not commonly grown. 

XXVII. Unnamed new type /?. This type, developed from a stray plant in 
ll])per Sind, is a tall plant, late in ripening and has a long and heavy grain. 
T1 h‘ straw is strong. T1 ut(‘ is much sterility in the earheads. This is a scented 
variety. 

XXVIII. Unnamed new tyjie C, This is another type develo])ed from a stray 
plant found in a field of J^wng (U])per Sind). It has a line white grain, but the 
yield is low. 

XXIX. Prong. This is s(‘eond only to Kangni in extent of cultivation in Upper 
Sind. It is talk and matures much lat(‘r than Kangni. The grain is long, thick 
and heavier than all tin* other sagd(hsi vari<‘ties. Th(‘ straw is tough and not liked 
by cattle, and the grain is threshed with more dilheuliy than wifh other vaihdies. 

XXX. Pengalo. This is a scent('d rice, b(‘tter in (juality ('ven than Jajai {see 
Indow) but was obtained in Jjower Sind. It ripens at the same time as Jajai ^ is a 
lairly high yielder and the grain is fine and white. 

XXX I. Mofiaro. This variety was obtained from .folii taluka in the south of 
t(ie harkana District, where it is much appreciated and hdehes a good ])riee. It is 
a low land variety, tall and matures lat(‘. The earlu'ad is highly braiu'hed and 
well {ill<‘d w’ith eoars(‘ graifus, looking lik(‘ beads — hence its name. 

XXXIT. Unmnmd n( ir type Z \. This is a wild rie(‘ in Upp(‘r Sind, with a very 
luxuriant growth and a coaise red grain. 

XXXIll. Unnanad iKW type]). This, again, w’as developed from a stray 
plant in a field of Prong, in U])])er Sind. It has a coarse red gr^in and is a low' 
) i(‘lder. 

XXXIV. U maimed new type Z. This is also a type from Ujqa'r Sind, with a 
very long, thick red grain. It rifxuis ]at(‘, yhdds well, bid Ihe grain slu'ds badly. 

XXXV. Unnained law type K. Anoth(‘r w'ild rice from L’pper Sind, dw'arf in 
eliaraeter ; the leaves l)eing very conspicuous with a dark margin. The grain is 
nd and coarse w 111 a blai‘k husk and bla(‘k awns. The sheddiiig is very great. 

III. Characteristics of rice varieties in Sind. 

It is ])roposed in the present section of this pap(‘r to consider thr characteristics 
of a large number of the varhdies of rici* as above elassilied and doscri])e(l. Some 
ol Iheso cliaraeters are morphological, some are agronornii*, and some pliysio- 
ioL’ical in cliaractor. 

MoRCHOLOOIOAL rnARACTRRS. 

Awn cliaraeters of Hind rices. No fejiture is more variable among flic rices grown 

Sind than the awn eharactiT. Of the thirty-five Sind tyjies collect(‘d, awns are 



122 


STUDIES ON RICE IN SIND, PART I 


present on eleven varieties, most of which ripen late and all of which come from 
the drier conditions of Upper Sind. Where present, the awns have the same colour 
as the tip of the inner glumes. Most of the awned types have a generally vigorous 
growth, and the awns are valuable as a protection from pigs, birds, rats, and certain 
insects. They arc associated with l)oth fine and coarse rices, as the following table 
shows. 


Table I. 


Awft characters of Sind rices. 





COLOUU OP 


Vaikty 

A\mi ( hai.Ktii 

Aw 11 

Aiunilus 

( liar.i(t(r of jn* 

1. Motiaro . 

V(ry long 
Lroct. 

CocirbC, 

Culouud 


Coloured 

• 


Coarse, high yielding. 

2. New Type Z 

Luug . 

• 

Coloured 

young. 

when 

Do. 

• 

• 

Coarse. 

3. Now Type Z 

Muliiim 

Lrcct. 

Coaiae 

1)0. 


Do. 



Coarse: Kernel red. 

4. Sonahiri . 

Long 


Coloured 


Do. 



Fine scented rice. 

6. Soda GuUtb 

Rather long 


Do. 


Do. 



Do. 

6. Prong 

Medium 


Do. 


Do. 



Do. 

7. Bengalo . 

Do. 


Do. 


Do. 



Do. 

8. Sighro . . >. 

Do. 


No colour 


No colour 



Do. 

9. New Type B. , 

Do 


Do 


Do. 



Jb in : white grain. 

10 New Type 1). 

Do 


Do. 


Do. 



Coarse red grain. 

11. New Typt 0. . 

Do 


Colours d 


(’olound 



Fine rice : whltw 
gram. 


Colon I relatunibhip i)i Sind rue plants, (a). The leaf sheath. The colour of the 
leaf sheath is a useful ciiaracter tor diagnosis, as it can be seen in the seedling 
stage. The normal colour varies from yellowish-green or gUiCn to a shade ol 
red or purple ; it may be temporary or permanent. The majoiity of the 8incl 
rices have a green leaf sheath ; only seven out of the thirty-five types studied have 
it coloured. All the varieties with a green leaf sheath have a white grain kernel. 
The converse is not, however, true. 

It has been stated by Graham (2) that the colour of the leaf sheath in rice is 
associated with a similar colour ol the aiuculus. This association does not, however, 
exist in the Sind types. The following table shows the colour of various organs m 
seventeen varieties of Suid rices. 
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Table II. 


Colour relalionslujjs in Sind rices. 






PllESKNCn OF m-l) COLOUK IN 

Coloiii of 
llllK 1 

.uul 

p.l II cK . 


V.iiiity 




L .if >h< .ith 

\pl( iilus 

Out* r ^luiiii H 

Colulll of 
k< nil 1 

1 . Kangni . 




Trostiit 

Prisi lit 

Al)s>ii»t 

Whito 

Whito 

U. Sat/uya . 




no. 

Ab^dit 

1)0. 

Do. 

Do. 

3. Kunjro . 




Do. 

1)0. 

Do. 

1)0. 

Do. 

4. Torli 




Do. 

Do. 

1)0. 

1)0. 

Do. 

5 New Typi. (i. . 




1)0. 

I’ri s( lit 

Do. 

1)0. 

Jlcd. 

0 Snitlhi Kambroo 




1)0. 

Ahs( lit 

J)o. 

Do. 

Do. 

7. Ntw Type Y . 




no. 

I’rc')! lit 

Do. 

Do. 

Do. 

8. dan a 




no. 

Do. 

Do. 

1)0. 

Do. 

9. M(^iia 




no. 

Do. 

Do. 

1)0 

Do. 

10 New Typo Z a. 




Do. 

Do. 

Cn SI III 

1)0. 

Do. 

11. Now Type 1']. . 




Do. 

Do 

Do. 

M.irk 

Do. 

VI. liiUrya 




A list lit 

Do. 

r)o. 

RmI 

Wliite. 

13. Pista 




Do. 

1)0. 

Do 

Jil Ilk 

Do. 

11. Prong 




1)0. 

Do. 

Do. 

I How 

Do. 

1j. Sonuhaii . 




Do. 

Do. 

Do. 

Kill 

Do. 

Ui Sa<{a dulab 




Do. 

Do. 

Do. 

Do. 

Do. 

17. Modaro . 




Do. 

Do. 

1)0, 

"S ( How 

Do. 


(Ij). Inner (jhiwvs, TIk* colour of llic iiiucr <jrluin(\s {pofun and hound) in.iy he 
wliitc, yellow, red or black, tliou^di each grou)) inclu(l(‘s many sliadcs. The colours 
lor each variety arc coiislaiit and form a diaj^nostic character. It may h(‘ not(‘d, 
too, that the prominence of the ridges and grooves on the surface of tin' iiiiK'r glumes 
characteristic of the varieties. They are usually prominent in ( oars(‘ varhdies 
and faint on sh*nder rices, 

(c). Aficulus. The apiculus or the tip of the inner glumes may or may not be 
coloured, and the colour may be temporary or permanent. Thus a distinctly 
coloured tip at the time of flowering has been notic*ed, where tin* colour fad(‘S as tln^ 
plants approach maturity. On tlie other hand, some vajieti(‘s show a green tip at 
flowering where colour developes as the grain matures. As alr('ady stated, the 
colour 01 the apiculus is not constantly associateil among Sind rices with the colour 
of the leaf sheath or of the outer glumes. 

Height of the main culm. The variation of the height of the main culm was only 
measured within each of the three main varieties studi<‘d, nanudy, Kangni, Jajai, 
and Prong when grown under similar conditions at one place (Larkana). Tbe height 

B 
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was measured from the ground to the tif of the topmost spikelet, and between 
450 and 500 plants were examined in oac'ii case The mean height in these three 
varieties was as follows : — 

Indies. 

KufKii ............ 014:^. '14 

Jajui 5o'G±*42 

Vrofnj ............ 51 *7 i *44 

Generally, short varieties an‘ low yieldcns, Init when the height is greater than 
42 inches, added h(‘ight is not associated v\ith li(‘avi(*r yield. High varieties are, in 
general, mor(‘ liable' to lodge'. Jajai le)elge's baelly and the tyjies acciistemied to sub- 
mergence in wateu' (Ijari e‘te.) leielge' still more' se'rioiisly. Among the tiugdasi varie'- 
ties, Prong lexlges le*ss than the* othe'rs. 

Tillering ropanfg. vVs a rule', tille'ring in rie‘e‘ plants commene-e's a fortnight 
afte'r transplanting and continne's for two or thieve wa*eks. Unele*r deep winter condi- 
tions, suedi as pnw.iil in the' rl(*c swamps of the' Lartraed, tilh'ring is ve'ry large*ly 
prewente^d. 

While the* tehtlire number e)t tillers is a eharae te*!* wdiieh is eharaete'r^tie of varie*- 
tie's, anel espe*e-ially eit strains ed varied ie*s. ye*! the' amount ed tilh*ring varies in dilTe*- 
r(*»it ye'ars, probably eiwjng te> vanatiems in tie* manne'r e)f w’ater sujiply anel the* 
land on wdiiedi they an* greiwn. ddiis is illust7'ate*el by the* fe>llowing iigure's for two 
pure* strains of each eif the* variedie*s Knngm, Jojni ane.1 Pro)nf at lairkaiia. The* 
figure's are* base'd em the* ex.immatiein of 50 plants in 1021, 250 plants in 1925, anel 
500 plants in 1925. 


Tvma.] 111. 


Aunilen of tdhrs In plants oj selected strains. 


\ .MU't \ .mil Mill 

^ 1 M HI U ni 

111 la HS I'l.K PLANT (mi \N) 

\')2\ 

i!)2r) 

192() 

f-21 . . 

11 

l!M.t-25 

9-0 i* 15 

Kuftgm . . .. 




. . 

lu 

17'S±-32 

110±17 

■ • 

10*5 i -22 

2U'3i'38 

ll*7i:19 

Jifjfii nfi'ain . 




L-C! . . 

12-9 i -23 

21'2i-39 

13'0±17 

p!<! 

13-7 ± 25 

20'3±'37 

14-5±18 

I’rumi nil'll n 




ir,i . . 

12 5i:-27 

l7-4±-27 

ll-8-tl5 
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So far as the varieties, as they occur in cultivation, are concerned, the tillering 
( .ipacity is of course iiiueh more varial)le than the above, and the late varieties are, 
on the whol(% distinctly more higlily tillering than the early ones, though there are 
(‘\c(*[)tions. The following tables show, lor the early and late rices separately, the 
1 (dative tillering ca])acity under similar conditions for three years. The figures 
Jor 1924 and 1925 are based usually on the examination of from 130 to 150 plants, 
and those for 1926 on 500 plants. 


Table IV. 


Number of Hllers per pbint in ((ulj/ vaueiies. 


iol \ 

Ml \\ M MBUi OI 'IN I LKS IM.K IM.W'l’ 

1M2I 

1 02.5 

1920 

I. hniinro 




04 



J. 




0 8 

8 0 

— 

*{. /)’( xujah 




in 0 


- 

1 Sufluo 




in 7 

12 0 

— 

• S nit! hi K(( > bioo . 




12 7 

0 .5 

— 

Pm sad 




no 


— 

7 ('hajiai 




I a 2 

11 a 

- 

hail (Jill Lstiaiii 14) 




la 2 

• • 

- 

'< (’(111)10 




1 1 n 

0 0 

— 

Salim 




11 7 

0 8 

- 

11. JU(hi 




1 50 

11 0 

— 

1- Nt w A. 

• 



15-2 

9-7 

— 

1‘1 Moiiaio 




15-8 

ia-8 

— 

1 ^ Ihd Kangro 




204 

- 

-- 

17. Toih 




210 

18-3 

22-0 
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Taking these early rices it will be seen that Torh stands out as a high tillering 
rice in each year. 

Table V. 

Nuniber of tillers per plant in late varieties. 

liKR UE TILLERS PJSR 1*L\NT. 

1925 


15*8 

Krf, 

101 
111 
17-9 

9 5 

Taking the rices actually in cultivation, it will l)(‘ seen tliat Jirashtlii, and Kanju) 
stand out as giving a constantly high tillering capacity among tlicsc late Sind vark- 
ties. 

Ill 1925, a large number of foreign varieties, brought eitlun* from otluT parl.s 
of India or from other riee growing count ri(‘S, w(‘re grown under .similar condilioiio 
to the types indicated above, and their tillering capacity d(‘t(‘imined. Tliey w(‘ie 
transplanted as single plants, 12 inches by 9 inches apart, on July 22, 1925. 'PIk' 
tillering capacity of these varieties was as follows. The details are given in 
Appendix A, 

(1) Konl’an rice varieties. The strains of the Kolamba rice of the Konka]i, 

isolated at Karjat, gave from 1 1'7 to 20 9 tillers per plant, cone 
sponding closely to the late Sind varhdh'S. 

(2) Bengal rice varieties. Six varieties were testc'd from Ihmgal, and tluvsc 

* gave from 9*0 to 31*7 tillers per plant. The high varhdies w('re I mini- 

sail with 30*0 and Vadkuni with 31*7 tillers. The former of these 
is one of the very high yielding antan rices of Bengal. 

(3) Assam riee varieties. In tillering capacity, the lifteen varieties of As.sani 

rice were similar to the samples from Bengal, varying from 8*0 tn 
30*5 tillers per plant. The highest varieties arc Indrasail with 29*1 
tillers, Tipidumia with 30*3 tillers and Negrasail with 30*5 tiller.'i 
per plant. 

(4) Central Provinces rice varieties. None of the eight rices tested from tlic 

Central Provinces, except one had a high number of tillers per plant. 


1020 



1. Oanja 

2. New Typo Z ;i. . 
5. Lari . 

4. Pisia 

5. Prortif (Stiaiii 05) 
0. Sonahari . 

7. l^ada Cvlab 

8. Kanjro 

0. New U’ype B. . 

10. Jiraskahi . 

11. Motya 
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This one was a variety named Khut bhara which gave 25*6 tillers 
per plant. 

(5) Dacca deep water rice varieties. These plants were not in their element 

as it was not possible to supply them with enough water, and hence 
they were somewliat sickly. Under these conditions none of the 
three varieties tested gave more than 16 0 tillers per plant. 

(6) Japan rice varieties. Ten varieties from Japan were tested. All of 

these were dwarf types, and the tillering was delayed. No grain was 
produced in any of them though the spikelets were normal in 
appearance. Most of them gave very few tillers, six of them giving 
from 6 to 10 tillers p(*r plant. The highest (Oba) only gave 16*6 tillers 
per plant. 

Length of earhead and number of branches in panicle. The length of the earhead 
and the number of branches in the panicle was studied for twenty-six Sind varieties 
grown under similar conditions in 192‘1, measurements being taken (except in the 
new unnamed types) of between 100 and 200 heads in each ease. The actual figures 
arc given in Appendix If. There is, of course, nothing absolute about the figures 
though they ar(' C()mj)arable among themselves. The length of the earhead in Sind 
typ(‘S varied from seven to ten inclu's and the num])er of branches in the panicle 
from eight to eleven. Tlie longest car with the greatest number of panicle branches 
was possessed by the Motiaro variety, a bearded, medium ripening type from the 
dohi taluka of the Larkana District {see above). This gave in 1923 an earhead 
with an av(‘ragc hmgth of 10*2 inches, and an average of 17*6 brajiches per panicle. 

A much more deiaih'd ^‘xamination of tli(‘se characters was undertaken with 
the thro(‘ varieth'S (Kangni, J((jai and Prong) selcct(‘d for special study. In 1922 
ov(‘r one thousand earh(*ads \vct(* examined in each case, and in 1923 nearly five 
hundred. 

Table VI. 


Earhead characters of selected Sind rice varieties. 


Variefv 

NumlxT of 
('ir IicikIs 
exainmod 

of «Mi Ik ad 
iiudios 

Ml -ail 
nmnhrr of 

1)1 am liKs 

n<)L>2 . 

I7S0 

8:i 

S-7 

IIS 

S-2 

00 

ri<)22 . 

Jajm . . . 

IlOO 

ll() 

0 0 

ki02:i . 

471) 

IM 

9-2 

ri 022 . 

•1 Prong . . J 

1100 

lie 

9-8 


480 

10-2 

8-9 
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These figures show the very large variations in the density of the earheads. 
iaripni^ though having a short earhead contains an equal numher of branches per 
panicle with the other two types exarniiiod. 

Number of a^ikeU'h per earhead iii Him! rices. Jacobson (G) in a report on Pluli- 
ppinc lieoo, shows that, grown under similar conditions the number of spibelts per 
.jarhciid varies in that country from 50 to 178. The range in Sind does not seem 
qui e so great, but in tests of twenty-five varieties in 1023, all grown together at 
at 'ana, a range of 02 to 30.5 was found. The detailed figures are given in Ap])en- 

J^ra^hahi, a variety from Hyderabad, stands highe^^t 
.1 ^ ^ ^‘arlu'ad, but the grain of lliis variety is very small. It is also 

e f^he othei varieties with a large* numlier of grains per earhead, such as 

. ^ (20t> grains) and Mofiaro (106 grains). Some fine grained 

rom t le Konkan and Bengal grown under similar conditions in tin* sanu* 
i i^A\c similar figuies. Thus Koluniba No. 12 and Kolumba No. 70 from the 
giiiins res])eetivelv per earhead. A fine Bengal rice 
^ U . ■ Dadhani vari(‘ty from Bengal gave 203 grains per earhead. 

I nro^. Most of the ^Sind varieties of rice have large 

tvne" • grower‘s aie not familiar with the finer, lighter grain 

siiirMliN f ^ ^‘^ve, in fact a prejudice against them, especially when they are not 
or pai loilmg. As a rule, heavy grain variety's mill better than light 


ones. 


In 1.0^^ ^ ^-h^s^ihed into liglit (1-5 grams or less per 100 grains), mediu?n 

hcavv heavv (2-0 to 2-5 grams per 100 grains), and ver\ 

oxaminerl H ^ ^ f>er 100 grains). Out of a large number of Sind tvpcM 

txamined the results may be summarised as follows : ' 

(1) Lvjhf rjrawrd fk/pes. Jirashai. Badlani and Pista. Weight 

AT 7 ^ (A fntjx}) to 1-13 grams (Pi.sfa), ])er 100 grains. 

(-.) Aledunu ,, rawed l>,pes. Jajai, Mol lam. Su/hro. Red Kam,ro. Ralhn, 
larsad. Ihdn. Wcij-ht v.nricd from 1-8f (Bidri) to 2-1 (Jajai) urams 

per 100 frraiiis. . \ i / >^ 

(3) l/eav;/ ,,raiued Ufpes. Rrom,. flaujro, Raln/a, Souahiri. Torh. Kavqn,. 
and , ada Gulah. The weight v.aricl from 2-2 (Rada (hdah) to 2-( 

^ (/rom/) grams per 100 grains. 

(t) rerq heaeq ,, rained l,,/n-.s. Ganja and Lari. Tlio weight in these case. 
Avas 2-f) (Gan/a) ami 3-0 (lari) grams per 100 grains. 

it-' nia.y be stated that Copeland (3). 
oZan I'' Ti'T™- - the grain weight ol 

are tnuch srinlP^^' V Western India and Bengal, however, 

Sind vav* 7-3 'l ilo” rL-e Kolamha) from Karjat, grown in 

M)5 grmns pr 100 grains!'"" tospectively, and a Bengal rice gave 
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AriRONOMfO {CHARACTERS. 

Yieldiv(j cafaciitj of Sind rices. In all questions of iniproviiijj; farm crops, the 
paramount importance of maintaining a liigh yield must always lx* fully recognised. 
The yield is, in the case of rice, obviously a complex of many factors, such as tillering 
])ower, number of grains per earhead, sterility p(*r(*A;ntage in the panicle, and a 
special difficulty in the study of tin* capacity to yield in the case of the various 
varieties is the very great variability from year to year. In spite of this difficulty, 
however, the results of several seasons sliow that high yielding ly})es, on the whole, 
maintain their superiority from year to year. This is still more tlu* (*ase in selecting 
strains out of the dilferent varieties. In the intensive study of tlie Ka) (jni, Jajai 
and Promj varieties, it has been ])ossibl(‘, to isolat(‘ strains which for several years 
have consistently given higli yield, and in which yielding ])ower behaves as a 
hereditary character. These will be dj‘alt with lat(‘r. In the meantime, some 
idea of the position with regard to the plants of the Sind varieti(is, as grown side 
by side at Larkana, may be given. 

In 1923, twenty-six distijict vari(‘tie.s of Sind ric-c w(‘re un(h‘r trial, being planted 
in a similar manner in (‘ach case. T(m single phuits of each were harvested 
separately and from th<‘se it was found that the av'crage yi(*](l ])(‘r plant varied from 
19 to 5«S grams. Torh. dVo/mro and New- Type Y were found to be very h(*avy 
V’ielders. When the yield per cc.rhcad was takeii, the same vari(di(*s stood at the top 
of the list. In 1921 and succeeding years a large number {)f ])lants (g(*nerally over 
100) of each vari(*ty w(*rc <*xamine<l, but in (‘ach year sann* varieties hav(^ maintained 
their position. Detaikd r<*sults of tin* yield aie given in Appendix IV, with those} 
of a number of rices from otli(‘r parts of India and from Japan, grown under similar 
conditions in 1925. 

Period of growth in Sit.d rices. The time n'()uired by a variety of ric(* to come to 
maturity is a matter of very great importance, ^'specially in a count ry wh('r<‘ the tinu} 
during which water is availal^lt* is biuited. Tlie cliaiactt'r ol imindation season in 
Sind is very imcertain : when tlie season is short(*ned. the ess(‘ntial nMjuirenu'nt of 
an efficient varii'ty is speed of growth. \ arieties wdiii li are late in ripiiiiing cannot 
always succeed and an* lienci* useless, Ot course, as would lie e.\])(*cted, the length 
of the growth period varies a good deal with tlu* area in which a [larticular variety 
is grown. Thus the Upper Sind variety Pro ) »/, w hich is lau- in its own an*a, matures 
much more quickly in Lower Sind. On the oth(*r hand, Kamjni, the favourable 
<*arly variety of the Larkana district has its ])eriod of growth increased in Lower 
Snid. The Lower Sind type (Hanpi was lound to mature considerably Iat(‘r in 
Larkana than in its ow’n area. Further a very early variety of rice irom Ratnagiri 
(Konkan) was found to take a much longer time for rip(*ning in Larkana. These* 
variations are, of course, in accordance with what has been found elsewhere, and all 
comparisons of time required for growth have, in the ])res(*nt patx*r, I)een made on 
the basis of cultures on similar land at Larkana in Upper Sind. 



130 


STUDIES ON RICE IN SIND, PART I 


In rice some varieties flower in a definite length of time, more or less irrespective 
of their date of sowing and transplanting : others flower, every year, at a particular 
time, no matter whether tliey are transplanted early or late. The former mode of 
flowering has been termed, ‘ ])eriodically fixed ’ and the latter ‘ timely fixed ’ by 
‘Mitra (8). Tlie following varieties of rice belong to the former class : — (1) Kamjni, 
(2) Sathri, (3) Gcmjro, (1) New Type A and this is shown by the records of 1923, 
1924 and 1925. 

Table VII. 


Time of fjowerimj of ‘ Period icalh/ Fixed ’ types of rice. 


Vcinofcy 

Date of tiansplaniing 

Number of day'i 
tranH})lanting to 
flowering 



. ... 

.June 28, 102:{ 

78 

Kantjni 

1021 . 

• • • . 

.July 10, 1021 

7S 


L 102.1 . 


July 11, 1925 

80 

fl'IJ.-! . 


Jiilj 7, 1923 . 

0.5 

t^atlin .... 







JiiK 21, 102.“» 

02 

n<)2;} . 


.luh s, 1923 . 

.55 

(tanjrn . . ,< 






Julj 21, 1925 

.51 

rv.m . 


8, 102.0 . 

48 

New Tmk* A. . ,< 






Jiil.v 21, 1925 

47 

The ‘ tini<‘ly Jix(‘( 

’ vnri(‘li<‘s ol lice in Sind 

semii nuieh more : 

nnnieruus, and 

among lli(‘se il will be found 

lli.d the dates of tl 

o\\i*ring will be hardly afleeted by 

the date of IninspLuiling. The following table 

show^s this. 




Table VIII. 



Time 

nf /Jowernoj (f ‘ Time] j Fired ’ types of rice. 






Number of (la\^ 

Vaiul y 


Date of transplanting 

Dato of flowering 

trausplafiting to 





flower I ng 



J'llys, 192;} 

September 11, 1923 

65 

Stghro . .< IDJ'i 

• 

.Inly 2 J, 1025 

S(‘pt(Mnbcr 12, 1025 

54 

1^1020 

• 

July 7, 192(i 

September 12, 1920 

07 

nidti . . 5 

. 

July 8, 1923 

SLjj^^'mbor 11, 1023 

05 


' ■ 

.July 21, 1025 

September 11, 1025 

53 
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Time of flowering of ‘ Timehi Fixed ’ types of r/rr— rontd. 





■■■ 


Number of daNs 


Variety 


Date of flowei ini' | 

trausjjlantiiif^ to 




mniiiiiiii 

■mm 

llowoiiiii 

New Type R. 

\ 1924 . 

* ( 1925 . 

July 23, 1921 

July?, 1925 . 

Oeloher 2, 1924 
(ktoherJ, 1925 

71 

88 

Jmuliohi , 

■1 

192t . 

1925 . 

.Iiilv 23, 1921 

July 12, 1925 

October 24, 1921 . 

October 22, 1925 . 

93 

102 

ToyJi 

( 1023 . 

July S, 1923 . 

Seplcuiber 29, 1923 

83 

• ( 1925 . 

Jul> 21, 1925 

Oetob(‘r 3, 1925 

74 



ri923 . 

June2S, 19i.J 

Odobd t, 1923 

98 



1924 

July in, 1921 

Oct(J>cf 9, 1921 

84 


Li925 . 

July II, 1925 

October 4, 1925 

85 



ri923 . 

June 28, 1923 

Octobd II), 1923 . 

105 

Pionrf 


1921 . 

Julv in, ll>24 

Octolui 17, 1921 . 

91 


Li925 . 

JuK 1 1, 1925 

Octobd 8, 1925 

90 


In delorminin^ tlie oarliiK'ss of variotios of rice, (‘arly fioworin^ is usually con- 
sidorod as an index of early maturity. This is, h(n\(‘ver, not strietly true : for 
the interval between (lowering and maturity lias been found to vary considerably. 
In fact, among Sind varieties, the time from thmering to maturity varies from 24 
to 53 days. The variation is much more limit(Ml than if variethvs from otlier parts 
of India and abroad arc inehnhal : a number of these groun at Larkana showed 
variation from ten to eighty days, Pliilijijiine varieties ((Visostomo 15) varied 
from cloven to sixty-nine djiys. 

The interval between flowi'ring aiid matiiiity vari(‘s fiom si’ason to season not 
only with the same vari(‘ty, but also ^\ ith tin* same strain, of rice. In lh23, for 
instance, it was much shorter than in lt>2l and 1925 at Larkana with selected 
strains from Juj(u and rices. The actual mean figures for four strains were as 
follow\s : — 

Taulr IX. 

Seasonal variation in the ripen infj period. 


NiJMHCU of I>\^S 1 KOM Fr.O\VKItIN({ TO MVTCIUTV 


Strain 

1923 

IJ)21 

1925 

Jaj(u 

( No. 77 . 

20-7 

29 9 

3()-2 

*iNo. 43 . . . . 

22-9 

3 It) 

31-1 

hong . 

(No. 30 .... 

• tNo. ,'il .... 

27- 7 

28- 7 

31-2 

32 1) 

:io-7 

32- 1 
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In assigning values, therefore, in terms of clays required to mature, the 
time of sowing and transplanting is very important with varieties whose 
flowering is ‘ timely fixed ’ though of less account with those whose flowering is 
‘ periodically fixed.’ Further, the variation from season to season must be kept 
in view, With these limitations, however, the figures obtained for the period from 
transplanting to flowering and for the total life period in 1925 and 1026 are of value. 
They at least show a similar relationship between the varieties in the two years. 

Table X. 


Flowering and ripening period of Sind varieties. 






1925 



1026 


Vailety 



Days from 
trausplant- 
iiiK to 
flow eririj' 

Days iroiii 
trausj)lant- 
ing to 
riprning 

Dajs for 
ripoiiiiig 

Days from 
transplant- 
ing to 
flowering 

Days from 
trails plant- 
ing to 
ripening 

Days for 
ripening 

A. Early varletio.s — 

Red Katiyro 




83 

30 

03 

K.O 

37 

Siqhro 



.U 

Srt 

.34 

01 

100 

30 

liidri 



oa 

02 

30 

- 

- 

— 

Ganjro 



57 

02 

41 


- 

- 

liamiti 



50 

07 

38 


- 

— 

N<‘\v tyiH* A. 



47 

700 

.53 


-- 

- 

SaOtri 




!00 

38 


— 

- 

Sindhi Kumbron 



rt 

101 

43 

— 


- 

Kauqni .Vo. '!7 . 


. 

78 

102 

21 

72 

112 

40 

Ji. Mediini} tdriitic'i 




I 





Toiii 



71 

los i 

31 

.'^1 

113 

32 

N^•\^ !>})■• Y, 



00 

I OS 

30 

7 1 

11 ) 

3 s 

S(idu Oulah 



07 

lOS 

41 

- 


- 

Sonultin . 



07 

los 

4L 


— 

- 

Motiaro 



SI 

11(‘ 

20 

SO 

12 . 

30 

Jujfii 



HI 

110 

32 

77 

128 

51 

rhajrni 



00 

110 

.53 

— 

— 

— 

lieuqalo 



7,» 

110 

11 

85 

128 

4.3 

i\ L(itf> rarictit "* — 









Oafija 



71 

121 

50 

— 

— 

- 

hart 



71! 

I 121 

10 


— 

— 

Kunjro 



SI 

121 

37 

— 

- 

— 

Jiatrya 



82 

1 

41 


— 

— 

Prong 



03 

! 1^6 

33 

88 

131 

43 

Motya 



86 

Ui 

45 

- 

- 

- 
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'■S)rios|)on(lin" figures for a iDinibor of foroit^n variotios "rowii in Sind aro ^j;ivon 
ill Appondix Y. 


IV. Quality among Sind varieties of rice. 

Quality in rice is related to a niiniluT of charaeters of the j^rain of which the 
[•hief are (1) the size and shape of the ^rain and kernel, (2) tlie colour of the kernel, 
(3) the hardness of the kernel, (4) tlie percentage of hull, (5) the fhivour and cooking 
qualities. These will he dealt with in succession as applied to Sind rice. 

1. Hizp and shape of the prain and kenud. Tn India rices are bought and 
sold on the character of the grain and a general prefcnuice is shoAvn for rice 
\Nhich has a slender grain. All so-called coar.s(‘ rices have a broad grain, and so 
slenderness is an essential for a rice to be collided as fine. As regards the length 
of the grain, ojiinions differ as to ^^h(‘th(‘r a long grain is to be [irefcrred to a short 
grain, but the consensus of opinion is that ii long slender grain is a liiu'r rice, and 
so this commands a largcu* ]uice in the market. 

Qraham (2) divides grains of ric(' into four classes: — 

(1) Long spikehds.when the length is more than four times the breadth. 

(2) Fine spikelets. when the length is more than tliree times the bnuidth. 

(3) Coarse spikehds, when the length is more than twi(‘e the breadth. 

(4) Kound spikelets, wlien the length is l(‘ss than the bn^adth. 

(lassified in this manner some of the Sind varieties stand as follows:— The 
figures indicate the length divided by the breadth. 

(1) Loiof rices, Dadhuii, (Ml), Proioj (>5 (4* It)) Si(/hro (4*18), Red Kanqro 

(4-12). A long Konkan rice [Kohuidja 71)) grown in Sind gave 1*21 
as the proportion between huigth and breadth. 

(2) Fine rices, Bent/aJo (l-()2), SoneJiin (l-Oo), JirOf'^hahi (3-8t)), (diajrai 

(3-83), Parsad (3-81), KaiKfin U (3-78), Jajai (3-71). Bar^afi, (3*t;()), 
Bidri (3*41), Safhri (3*38). A fine hohunho ric(‘ (hohindni 12) grown in 
Sind, gav(‘ 3-41 as tlie jiroportion between huigth and breadth. 

(3) (\ni,rse rices Lari Torh (2*1)2). Sindln Kamhroo (2*81), Motia,ro 

(2*()1)), Vista (2*13), Kamjro (2*27). 

Though the ratios just given indicate the fineness or coarseness of th<‘ rice, the 
a( tiial length and breadth of the various types is a matt<*r of som(‘ importance, and 
llie following figures relating to the principal varieties are therefore interesting. 
They relate to the crops of 1025, but there is little change from year to year : 

{a) Long (f rained rice. (These include those whose length of grain is abovi* 
8*0 mm.) New Type Z (10*2 mm.), Sighro (O-b mm.). Km (p i 11 
(0*4 mm.), Sonahiri (0*3 mm.), Proi.g 05 (0*2 min.), Lari (0*1 mm.), 
Barasati (0*0 mm), Bcngalo (0*0 mm.) 

(b) Bices with Q'a ins of medium length. (The.se include those wdiose knigtli of 
grain lies between 7-0 and 8-0 mm.) Phajiai (8*0 mm,), Sindlii Kamhroo 
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(8-8 mm.), Gmja (8*7 mm.), Jajai 03 (8*0 mm.), Bidri (8*5 mm.), Parsiu 
(8-4 mm.), Red Kangro (8*2 mm.), Halliri (8*1 mm.). 

(r) Rices with short grains. (Those inrliido those whose length is belo\^ 
7-9 mm.) Dadkani (7-8 mm.), Motiaro (7*5 mm.), Jirashahi (G-9 mm.) 
Vista (5*6 mm.), Kanjro (5-4 mm.). 

With regard to breadth of grain, the varieties may be classified as follows. Tlu 
measurement refers to the posit it)n of the grain as it lies in the table, and represent' 
the maximum breadth. 

(a) Rices with slctukr grains. (These include those with a grain breadth o 
less than 2 mm.) Jiradiahi (1*8 mm.). 

(h) Rices with oral grains. (Tliese include tliosc with a grain breadth oi 
2 to 2*5 mm.) Bidri, Kangro^ Sighro, Ja'jat, Barsafi, Bathri, Sonahin 
Chajrai, Parsad, Kangni, Prong, Pista, Bengalo, Red Kangro. 

{c) Rices irith flat grains. (These include those witli a grain })readth ol 
more than 2*5 mm.) (ianja^ Bindhi Kamhroo, Lari^ Motiaro, (tan fro, 
Torh. 

It will be noticed from tli(' above, and the description of the varieties given on 
page 118 that nearly all the c( nmercial varieties of Upper Sind, including Kain/ni. 
the Sffgda^i varied ies and Hathri are oval grained and hence highly valued for (jiialitv 
on the market. The Lowen* Sind varieties are mostly flat grained, and hence are 
valued lowei. I<]\ce()ti()ns aie* the Torh, and Motiaro varieties in Up])er Sind which 
are Hat giain(‘d, but an' giowm lor their high yield. Slender rices are practically 
unknowm in Sind, and have* little or no market. 

Hi\e of kernel. The size* e)f the ke'rne‘1 that is to say, of the grain after shcliin" 
has been usually e*e>nsid(‘ie*d te> (‘e)n('spe)nd approximately with the size of the grain 
Oraham (2) (V)pe*land (!>). 11iis ele>os ne>t ap])ly in the ease of a numher of Sind 
rices owing to very ce)nsider<dde variatie>n in the thie*kness of the husk. The* 
fedlowing figure^ fe)r pure line's e)f thre'c variedie's of U])])er Sind rice show this clearly. 


Tac.lk XI. 

(train and kirn el ineasvrenients. 


^ nri< t\ .ni<l ‘<tr lin. 



PVTIO, TO T.ENmn 
JiRFAmU 






Grain 

Ivfrii< 1 


iiiin. 

inin. 

min. 

min. 



Knngni 43 . . 

.S 

0 3 


20 

3-7 

3*1 

Jajoi 43 

8 0 

69 


1-8 

8-6 

3 3 

Prong 30 

>)-4 


HI 

20 

3-9 

3 


2. CoJonr of the kernel. The ke^rnel i olour of rice maybe red or white, though 
the white rie {*s rcallv vary from ])ale yellowish white to deep yellow. In-as much as 
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ilio world’s coinniercc donuinds white rice, other tlnufj^s heinj^ ccjual, wliite rice is 
always preferred even in India. Out of the thirty-live Sind varieties described, 
only ten liave red grains, namely (Uhhja, Lari, MoUja, Siiulln Kamroo and six new 
types ol)tained as stray j)lant.s in the crop. The red graiiKjd rices an;, in fact, 
usually very coarse and are often found as weeds in cultivatinl rices. They great ly 
lower the value of white rice by their prescmce. The variety Mohja is, Jiowev(‘r, 
very well suited for parboiling. Tlic red colour is superficial in all the 8ind rices, 
and can be removed by proper milling. 

3. Hardness of (he kernel. Rice is described as hard or soft according to the 
appearance of the cut surface of a grain cut across tlui middle, drains with a shiny 
translucent surfac’.e are termed hard ; those with a dull white appearanc(i are soft. 
The former mill better and stand shipment better than the latter, and while the 
latter tend to form a sticky mass wlnm cooloal, the former retain (‘ach kernel separate. 
Th(‘ hard typiis are therefore cojisidered to be of much liigher (piality. 

Th(i rice varieties of Sind may be classili(‘d in respi'ct to this characten as 
follows 

(1) linfirelji hard All varieties, l*arsad, Ued Kantjro, Barsali, Pisla, 

J irashahi, Benfjalo. 

(2) Parlialh/ hard — Kanyni, Torh, Motlaro, Italr/ja, Knnj/o, i'hajrai, Sitjliro, 

Bidri. 

(3) i^ofi or opaque Lari, (tanja, Sindhi Kandnoo, (/anjro, Sidhri. 

1. Pereenlaqe of hnsk on (he riee qraln. Tlu‘ juopeution of husk may vary 
with dillerent variethis grown under similar conditions from little ovin* 18 to 
over 22 per cent. The light shelled varieties, giving from 18 to l!)-r> per ( ent. of 
husk at Jairkana in 1025, are Balhri, Kanqni. Ratrfja. Pronq, Modthro and Slqlim, 
Ah‘dium shelled types wdth between 20 and 21 j)(‘r cent, of husk anj Bed h'anfjro. Son- 
ahiri, Sada (tulab, (la)ijro, Bidri Jajai. The heavy shelkal types, with over 21 
percent, of husk, are Dadkani, Parsad, Uanja. Jirashahi, Torh. Knnjro and 

Lari. It may be noted that the Konkan Kolamha rices grown at Larkana classed 
as medium shelled types. 

Flat and slender rices appear usually to be heavy sh(dl(‘d. 

5. Flavour and cookinq qualities. The so called “ Fuqdasi ’’ varieties of ricii in 
Sind derive their name from the jiresence of flavour and aroma in the grain and in 
the ])lant, “ Siujand ” meaning flavour in Sindhi. CJraham d(‘scrib('s this fragrance 
as a mousc-liko smell possessed by the grain and also noticed when the rice is in 
IJoner in the field. It is usually not appreciated by Europeans, but is held in high 
esteem throughout India. The Jajai variety is the typical Suqdasi rice, but even 
among types of this variety there is a difierence in this n‘s])ect, for the tyjie known 
iis “ ” grown in the village of that name, is said to be better in this 

r<'s])ect than any other, and to lose a portion of its iragranetj if grown elsewhere. 
Ku careful tests on this point have, however, as yet been made. 



1S6 


STUDIES ON RlCE IN Sito, FAto t 


In addition to their flavour and aroma, the suydasi varieties have good cooking 
qualities, as, for instance, they are said to swell up on boiling to an extent that no 
other rice does. They are also reputed to need less (jhi (clariliod butter) in cooking 
than the coarser types. 

The best known sv(jdmi rices are Jajai and Proyig of Northern Sind, but the 
following varieties are also considered to come within the stcgdasi group, Sonahiri, 
Sada Qulab, New Type A, and Bengah. 

V. Flowering and pollination among Sind rices. 

The process of oi)cning the flower and pollination shows considerable variation 
in different places. In Italy, Farnctti (18) reports that the flowers are almost 
always clcistogainous and the glumes remain closed throughout. Klsewliere thre(‘ 
cases have been described, namely, the dehiscence of the anthers (1) before the 
opening of the glumes (2) at the same time as the opening of the glumes and (3) 
after they have emerged and are in a pendent ])osition. The first two cases ensure 
self-fertilisation : the last makes cross-fertilisation possible : all the cases occur 
among Sind rices, though the projiortion in which ea(;h occurs varies a good deal 
with different varieties. For example, in the Motiaro variety as grown at Larkana 
nearly half the number of spikelets were chustogamous. 

As regards the o])cning of the flowers in tlui various parts of the earhead in Sind, 
the flowers at the tip of the inflorescence are usually the first to open, and the opening 
continues in regular downward succession. This forms the general rule, but in soiiKi 
cases, flowers in the middle of the ear open first and ojiening continues both up* 
ward and downward. 

A close study has been made of the opening of the flowers on single carheads in 
a large number of varieties of rice in two seasons, and embraces the observation of 
the period (number of days recpiired for the opening of all the flowers on the earhead) 
and also of the time of day when the opening took place. Full details of these* 
observations with ten varieties iu 11)22, and of twenty-three varieties in 11)24, arc 
given in Appendix VJ. The general conclusions may be summarized here. 

1. As grown at Larkana all varieties o])en their flowers early iu the morning, 
and the process closes shortly after midday. The actual p’o i css of tlowerin ’ in 
ten VC ’ictics taken togcth<‘r iu 11)22 is shown iu the following figures from 1 250 
flowers examined. 

No. Per cent. 


T’lowors o]>cno(J 

bi'fuic 7-)>0 a. in. 

. 

. 

, 

, 

, 

in I 


>» ** 

7-;i0 to S.:iO a. 111 . 

. 





a 

0*24 

»» ft 

s-ao to o-ao a.m. 

. 





r»a 

4*24 

»» »j 

o au to iu*ao a.m. . 

. 





399 

31*92 

*> ff 

JO-at) to 1 1-aO a.m. , 

, 





020 

60*08 

5» >» 

ll*au a.m. to 12-30 p.m. . 


• 
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11*28 

Ifiowers did nut 

open • . • • 

. 

t 




28 

2*24 


Total . 1,260 




^ug Iasi rice var ctits> ol Lj bind 
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Similar figures for 23 varieties in 

1924 gave figures as 

follows 

No. 

Per cent. 

Flowers opened before 7-30 a.m. 

e 




81 

2-6 

„ „ 7-30 to 8-30 a.m. 

e 




118 

3-7 

„ „ 8-30 to 9-30 a.m. 



• • 


210 

6*6 

,, „ 0-30 to 10-30 a.m. . 



• • 


332 

100 

„ „ 10-30 to 11-30 a.m. . 





689 

21-6 

„ „ 11-30 a.m. to 12-30 p. 

m. • 


• • 


902 

27*8 

„ „ 12-30 to 1-30 p.m. • 

• 


• • 


608 

15*9 

„ „ 1-30 to 2-30 p.m. 

• 




180 

5*6 

Flowers did not open . • 

e 




130 

4-1 

Abnormal spikelets .... 





25 

0*8 

Rudimentary spikelets 





8 

0*3 

Cleistogamous spikelets 




Total 

43 

3,226 

1*3 


The actual range of time varies a little, as would be expected, from season to 
reason, according to the climatic conditions of the season, and the different varieties 
vary much among themselves. Thus in the Parsad variety the bulk of the opening 
took place in 1924 before 8-30 a.m. On the other hand, in the Ganjro variety there 
was hardly any opening of the flowers before 10-30 a.m. The time of flowering for 
the whole of the varieties studied in 1922 and 1924 is shown in the graph in Figure 2, 
2. The time of the day at which the rice plant flowers is partly determined by 
the date at which flowering takes place. The early varieties start flowering earlier 
m the morning than the later ones. Thirteen varieties studied in 1924 which flowered 
between September 8 and October 7 all be ;an flowering at 7-30 a.m. Six va ieties, 
whose flowering took place in the following month (8th to 23rd October) com- 
menced opening the flowers not before 8-30 a.m. The four late types (whose 
flowering occurred between October 29th and November 9th) only began to open 
their flowers at 9-30 a.m. This difference was not purely a matter of temperature, 
as the opening of flowers commenced at a different temperature with the different 
varieties. The following figures show this : — 


Variety 

Date of flowering 

Hour when 
flower! ig began 

Air temperature 

Parsad 

• 

• 

. 

. 

September 14, 1924 

7-30 a.m. 

84^F. 

Dadkani . 

. 

. 

. 

. 

October 17, 1924 . 

8-30 a.m. 

71°F. 

Kunjro 

. 

. 

. 

. 

October 29, 1924 . 

8-30 a.m. 


dtrashahi . 

• 

• 

• 

• 

November 3, 1924 . 

9-30 a.m. 

70®F. 


No flowers have been observed to open before daylight. 
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The closing of the flowering on each day again varies with the variety, but is 
earlier in the case of the early varieties than with the later ones. In no case docs 
flowering continue after 2-30 p.in. 

3. The flowering of a single earhcad at Larkana continues for a period of from 
five to elpven days. The actual |)eriod observed for ten varieties in 1922 was from 
five to seven days, and for twenty-three varieties in 1924 was from five to eleven 
days. The progress of flowering during this period is shown in Figure 3. 
These figures may be compared with those noted by Thompstonc and Sawyer (20) 
in Burma where the period of flowering raiiged from seven to ten days. 

The maximum flowering activity is reached in the second and third days of this 
period. There docs not seem to be any relationship between the earlincss or late- 
ness of flowering and the number of days during which flowering continues. 

4. The actual course of the opening of a flower is similar in Sind to that whicli 
has been described elsewhere. The glumes open very gradually and when the limit 
of divergence has been reached, convergence commences at once, until the act of 
closing is complete within about an hour, the time varying from 32 to 70 minutes. 


VI. Sterility. 

It woidd seem that the rices grown in all countries have a certain proportion ot 
the spikelets in almost eve.ry head which never fill, and which, in fact, are sterile. 
But, in certain seasons, with the same varieties, the number of spikehds which doi‘s 
not produce grain increases very considerably and becomes what is usually consi- 
dered by the people as n veritable disease. This is termed Khas in Sind and the 
term is applied to any condition in which the grain fails to an abnormal extent to 
set or to mature ; wholly sterile heads are rare in Sind even in a year when khas is 
prevalent. The corresponding condition is known as hntsone in Italy, J(hlla in 
Spain, irmlsi in Japan, liem or tim in Cochin China, (jivabo in Burma and perhaj)S 
as mentek in Java. 

It is obvious that this term includes sterility due to a number of different causes. 
For instance, in (^very variety studied during the last three seasons, there are always 
some spikelets of tlie earhead, which do not reach full growth. These are, as a 
rule, situated in the lower part of the earhead. They dry up quickly and drop two 
to three days after emergence. These may be termed “ rudimentary ” spikelets. 

Some of the spikelets, however, reach full size, but are incomplete, — one or both 
the reproductive organs being either absent or undeveloped. In many cases the 
anthers are shrivelled. They look distinctly white and remain on the ear during 
the green stage, but ultimately shrivel up and drop. These will be referred to as 
“ afmorwal ” spikelets. 

The remaining spikelets are at first apparently normal, and possess fully developed 
flower "parts. As flowering proceeds, however, some of them fail to open their 
glumes and do not set grain. They may be called ‘‘ cleistogamic ” spikelets ; others 
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open their glttmee and are fertilised, but &il to set or mature grain. These are the 
chief factors in sterility in the earhead and may be called ‘‘ oJorted ” spikelets. 

The relative importance of these types of sterility in a normal season may be 
indicated by the number found in ten earheads of the Kangm variety in 1926. These 
were as follows : — 


Type of sterile spikelets 

Number m 10 
cars 

Moan number 
per earhead 

Proportion of 
total spikelets 




Per cent. 

** Rttdimentaiy ” spikelets 

118 

11*9 

5-8 

“ Abnormar’ spikelets .... 

32 

3-2 

h7 

Cloistogamio spikelets 

90 

96 

4*8 

** Aborted spikelets .... 

215 

21*5 

10*6 


1559 

155 9 

771 

Fertile spikelets 





“ Rudimentary ” and “ Abnormal ’’ spikelets are only noted in the field and they 
soon drop. Counts taken for sterility in the laboratory, therefore, exclude these. 

In 1924, a similar series of counts taken in the field with ten earheads of each of 
twenty-three varieties, gave the following mean figures. 


Per cent. 

1. “ Rudimentary ” spikelets 0*2 

2. “ Abnormal ” spikelets . 0*8 

3. “ Cleistogamic ” spikelets 4*8 

4. “ Aborted ” spikelets 18*6 

5. Fertile spikelets 70*7 


From these figures it will be seen that aborted spikelets are the chief source of 
the sterility observed in the field. These spikelets are found to contain undeveloped 
grain ; many of them contain double grains both of which are shrivelled. 

The number of sterile grains found after harvest in the various Sind varieties 
grown side by side at Larkana in 1923 and 1924 has been determined. This excludes, 
of course, the “ rudimentary ’’ and “ abnormal ” spikelets referred to above, as 
these can only be determined during the growth of the plants. The figures given 

c 
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below, however, indicate the proportion of the total spikolots remaining on the hccKl 
after harvest which do not contain grain. 

/. Varieties with low stenlitif pereentaije. 


Paraad , , 

Torh . 

Uadkam • 

Kan yam , 

Pi.sta , , 

MoUaro 
Kada Quiab 
Kolatnbn SliMiii 71) 



11. I 'ariclirs with medlam t>lerililjf pcrcenlayc. 



iSiyhro 
J ajai 

Kunyro , 

Bidri i 

Bonahun , , 

Red Kanyro 
Prong 

Kolnmba Strain 12 

Ganjro 

Sathn 
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III, Varieties with high sterilittj 'pcrccntwje. 



II will bo noted tluil stcnility booms to be a vaiudal cliaraotoristic, l)ut tJiat, ])arti- 
( ularly wiili tlio varieties of medium stcuility, th(‘ ddieroiico from year to year is 
vtuy gr(‘at. This is illustrated by the more lon<^ ( oiitiiiued observations on colloe- 
lious of roa])(‘d earJieads after Juirvt^st of the three varieties whieli have been 
.sj)(‘eially studied, namely, Kainjut, Jajai and Pwmf. Those have the following 
[uueeutages in live sucoesbivo years, the iigim‘s given being the mean of all strains. 


Htcril it if prrcviilage. 


— 

/((uttjtn 

•fdfm 

Ptomf 






i\ i ( ( lU. 

Ui i cLUl. 

iVi (enf. 

I'tJJ 





15 1) 

25-7 

20- 1 






1)1 

17:1 

121 


. 




y-7 

121) 

13 b 

I'LM 

. 




j;m 

21 (» 

15 8 


. 

. 

. 


10-7 

17-J 

20 8 

I‘LM, 


. 



IJ 1 

2():{ 

23- 1 




ZVVLUA(JIJ 


12 b 


17 0 


'riie eaus(i of these larg(i variations is not yet clear, yet it Jiiay'be noted that the 
• nuudation, and lieiue the wateiin^, in and vv.ih l.ivouniblc, and in these 
><‘a]b the sterility was low. The year 11)21 was one ol lu^avy inuinlatioii. In 11)24 
■uid 11)26 the bup])ly of water was lat(‘, but it lasted to tluj i*nd of the st^ason. The 
\e.ir 11)25 was the most unfavourable of tlie series, for the inundation was not only 
late but only lasted for a very liniitcHl time. Much of the crop in the District 
^\as a failure. 

c 2 














142 


STUDIES ON RIOE IN SIND, PART I 


In selected pure strains from the above three varieties (Kangni, Jajai, and 
Prong) there was found to be a considerable difference in percentage oi 
sterility, most marked, however in years of high sterility. The following figures 
illustrate this - 


Variety and Mtrain 

STlIKinTY I’TSnCENTAOi: 

1923 

192i 

1925 

1920 

r No. 27 . 

8*7 

12 3 

20-9 

101 

Kangni 






I^No. 43 . 

9-2 

9-8 

120 

121 


fNo. 77 . 

S-3 

21-2 

191 

19-3 

Jajai . .< 







^No. 43 . 

9G 

21-6 

15*2 

21-2 


fNo. 3(i . 

6-9 

10-2 

19*9 

23 0 

Prong . .■{ 







LWo. C7 . 

100 

12-7 

21-7 

23-2 


All attempts so far have not enabled these differences between varieties, oi 
between the same variety in different years, to bo connected with either insect oj 
fungus attack. Further investigation in this direction is proceeding, but, in tlu 
meantime, the evidence regarding possible correlation between the amount oj 
sterility and weather, water or soil conditions may be considered. 

Effect of weather (onditious. The records of the past eleven years show thal 
excessive sterility {khas) has becui com 2 )laiiicd of at Larkana in six seasons, aii< 
these seasons were all yon rs in \^hich westerly winds occurred at the time of floweriiiu 
of the late vaiietios. For instance, in 1924 these winds occurred when the Jujai 
variety was in lull bloom. On examination of the stigmatic surfaces in this variety 
they appeared very dry, and after excessive sterility was first noticed, this coiuli 
tion increased in a marked degree. 

The forenoon tem})eratures during the flowering hours seem to have some eihu 1 
on the setting of grain. Thus the morning temperatures in September in the ye.n 
1924 wore much loAver than in the preceding two years, and the sterility was ab< 
much greater in that year. It may be noted here that in Italy, where brusone oi 
sterility is a serious matter, Averna-Sacca (l\)) has found evidence that it is priinanh 
due to sudtleii and rej)eated changes of temperature* 

Effect of water conditions. Late varieties for which the water partially faih n 
the latter part of the season show a very high percentage of sterility. For iiistaiHc 
the J irasliahi variety in a favourable inundation season, showed a sterility percent<ig< 
(determined on the dried earheads) of : in a year when th(‘ late water failed, it 
gave a sterility percentage of 85. Similarly a late variety from Bengal gave 25 ])‘‘J 
cent, and 67 per cent, of sterility respectively under conditions of normal waternu 















PLATE III 



Plot of Kangni Rice No. 27, Larkana, 1925. 
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and failure of the late watering. Under the latter conditions, the dryness of the 
stigmatio surface is very marked. 

In years of very high floods, sterility has also been found to bo considerable. 
Under very moist atmospheric conditions, it has been noticed that the pollen grains 
are liable to burst prematurely, and this may, in part, be the cause of tho effect 
noticed in years of high flooding. 

Effect of soil conditions. In highly manured soils, it is well known that rice may 
jiot flower, but simply form excessive vegetative growth. In one instance, it was 
noticed in addition that the few earheads formed under these conditions had a high 
percentage of sterility. On the other hand, in very poor soils where the growth is 
blunted and the earheads small, the percentage of sterility is high. 

Effect of other conditions, Earheads which are covered with muslin bags, in 
bleeding work, always have a much larger percentage of sterility than earheads 
foimed in the o^ien in the same plot. Thus in three selected varieties, the follow- 
ing figures were obtained from a consideration of over five hundred lieads in each 
case. 


Sterility, 


— 

In open 

CHI head's 
per cent. 

In oov( ltd 
iMJ lit ads 
poi tent. 

Iiic re ISO duo to 

lOVUlll" 
pti ctut. 

hangni ....... 

7-5 

25 4 

17 9 

Jajtti ....... 

12 8 

44 0 

31 2 

Prong 

14-4 

63-5 

49*1 


This will, in a small measure, probably be due to tho prevention of cross-fertilisa- 
tion, but it is obvious that other causes are at work which have not yet been entirely 
ascertained. 


Vn. Selection and breeding in Sind rices. 

Work on improvement of Smd rices has now continued since the year 1922. It 
\va& necessary in the first instance to obtain pure strains of several of tho most 
valuable and widely used varieties and for this purpose attention has been concen- 
trated on three of them. These are : — 

(а) Kmgni, An early prolific variety, giving a grain of mc'dium, rather 

coarse quality, which is suited for cultivation on high lands, 
and which is used for export after parboiling. The bulk of the 
crop in the Larkana District is of this type. 

(б) Jajai, A variety later than Kangni, but still moderately early. It is 

not prolific, but has fine and scented grain. It needs good soil on 
a fairly high level. 
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(r) Provff, A latp prolific, variety, ^ijiving a fiiio and scented grain, not 
however equal to Jujai in quality. It recpiires low lying soil. 

The actual technique adopted in tluj work to he uncorded was as follows : - 

(1) Nursery. A fortnight hefon^ transplanting, the seed is sown in scfij 

beds ten feet sipiarc which are either, manured with sulphate^ ot 
ammonia, or treated by the “ r(tl) *’ method. The seeds are sown m 
rows, ])laeMl one inch apart each way, using a perforated cardhoanl 
for the y)urpos(‘. The seerls are not buried, but merely covered with 
ashes. Water is a])|)li(‘d with a spray till the seedlings have rooPul 
themselves, aft(‘r which irrigation water is allowed to flow into tin* 
beds. 

(2) TravsphiUi)uj. This is best done in June, but when the river inundation 

is late it may be delayed by a month or even more. Single se(‘dlinL's 
arc transpljiided nine inches a])art in rows, which are tliems(dv<s 
twelve inches apart. This spacing has b(»en found enough for iiorni.il 
development and gives room for working without injury to the planfs. 
The rows as a rule, run at right angles to th(‘ water cliannels, ami 
are about one hundred fe(‘t long. Tln^ border rows are rejectcMl m 
any determinat ion of the yield. The ydots us(‘d are usually one fortiid h 
of an acre and are rejflicated sciveral tinu'S. 

When three replications arc taken, the jnobable error in the yitdd of selertrd 
stiains of each of the thn‘e varieties stinlied ^vas as follows in : 

Kanffiii. From .Tl to 12-»^ per cmmiI. Mean t>*2 per cent. 

Jajai. From 1*8 to !)•() per cent. M(‘an 5*8 ])er cent. 

ProiKj. From 5*0 to 14*2 per cent. Mean 8*0 per cent. 

fn 1924, seven or eight replications WTre taken of each strain and then the proh,)l>l(** 
error of the yield figures was as follows - 

From 2-4 to 3-4 per ceiit. Mean 2-9 per cent. 

Jajai. From 0-7 to 3-1 per cent. Mean 2*2 ])er cent. 

Prong. From 1*9 to 4*5 per cent. Mean 3*5 per cent. 

The extent to which selection can profitably bo applietl to maintain valn.ihl'* 
characteristics of a plant is determined by the extent to which the characlerist m s 
result from innate and lienc(‘ hereditary, causes, and to what extent they are modi 
fled or determined by the environment. It is first necessary, tliendore, to I do* 
the seed of each pure strain, or at any rate of one ])ure strain in each variety, nid 
see how the characters vary from plant to plant in pedigree culture. This has Ixmoi 
done, in 1925-26, for one strain of lanqni (No 27), one of the Jajai (No. 77), ami <>/ie 
of Prong (No. 36) and the following tables show the variation which occurs, imdi r 
these circumstances, in the several characters. 
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Table XIl. 


Statistical constants for Kangni rice. Strain 27. 


Charactorfi 

Mean valm* 

Modal value 

Poc'ftieient 
of variation 
|)er C(‘nt. 

1 . Days up to flowering ..... 

78 0 days 

78 — 79 days 

2 01 

2 . I^ays lip to ripening ..... 

101*7 day.s 

101 -d 02 days 

1*39 

;i. f/engfli f)f 20 husked grains .... 

13*7 ern. 

13-8 — M -O cm. 

3*47 

1 . Breadth of 20 husked grains .... 

4*.') em. 

4 -/) __ 4.7 i.,n_ 

5-.30 

5 . Nuniher of grains per grain of paddy 

411 

400 43-9 

4*«0 

(). Percentage of Iniak in f)addy 

19-8 per 
eenl. 

IS 1 ~ 21 () per 
t enfc. 

15G0 

7. Niimhor of spikelets per oarhoad 

140*3 

119-- 139 

17*10 

S. Numl)or of fertile spikelets per enrhead 

1 1.^*4 

101 — 120 

19-4 

0 Pereinilage of sterile sjuK<‘lels per earhead. 

200 

20 30 

10- 1 

10 Niimlier of filh'is per ]ilanf (paddy) 

19*4 

10 -22 

.32*2 

1 1 Yield (paddy) of siiigh* plant in grams 

41 0 grin. 

35 - 45 

37*9 


Table XIII. 

Statistical constants for Jajai rice, Strain 77. 


Charaeters 

Mean value 

Modal valiu' 

ro(*lliei»'nt 
of variation 
p('r cent. 

1. Days up to flowering ..... 

8.5*1 

81—87 

2*3 

2. Days up f 0 I ipening ..... 

11(>*2 

115- ID) 

1*3 

3 I englli of 20 husked grains in eentimetre. 

12*9 

120 -12 8 

13 

‘1 P.reailth of 20 husked grains in centimetio. 

41 

3*9 - 41 

8-3 

5 Number of grains per gram of pad<ly 

.50 

40 ^0 

5 -,5 

•*. Pereeiitagj* of husk in paddy .... 

19*2 

1 / 20 

20*9 

7. Number of spiki'let-s per earhead 

1474 

122 155 

21*8 

S. Number of ferfilo spikelets ])<'r earhead 

114*8 

97 134 

31*5 

9. Percentage of sterile spikelets per earhead . 

2M 

3*1 25-2 

59*3 

10. Number of tillers per plant .... 

20*3 

IS -25 

439 

1 1 . Yield (Paddy) of single plant in grams 

38*r> 

33 -41 

410 
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Table XIV. 


Statistical constants for Prong rice, Strain 36. 


Charurtors 

Mean value 

Modal value 

Coefficient 
of variation 
per cent. 

1. Days up to Howciiri" ..... 

91-4 

89—94 

316 

2. Days up to riponinj:^ ..... 

1221 

121—123 

210 

3. Length of 20 huskod grains in cm. . 

11-3 

14-5--14-7 

2-7 

4. BrtatUIi of 20 husked grains in cm. . 

1-2 

4 2 

3-8 

6. NunduT of grains per gram of paddy 

40-3 

30—13 

7-4 

0. IksTcntago of husk in ])addy .... 

20-I 

19-22 

191 

7. Nunih(T of spikelcts per cariiv a<I 

109 () 

111 1 30 

2S3 

8. Nufuher of fciido .spilv(‘](‘ls ]n‘i (Miht id 

SO-2 

72—97 

27 9 

9. Percentage of u>itel( ts ptn (a? Ik ad 

19 9 

10 -20 

58-7 

10. Numher of tillers per plant .... 

20- 1 

19 

13-2 

11. Yield of single plant in grm. .... 

30- 1 

1 

28—38 

16-4 


Tho rosults obtained in each of tin* pure strains examined, thoii<i;h belon^in" tci 
three different varieties, indicate that the pi'riod of growth, size of grain and weight 
of grain are fairly constant when the plants are grown tog(dher. The other charac 
ters are subject to very great variation, and depend very much on the particulai 
environment of each [ffant. 

But apart from th(‘se variations between plants of the same strain in pedign'*' 
culture, it has long been evident that each variety consists of a large number ol 
strains of very different value. Attention was called to apparent changes in tiu 
character of the crop grown on the same field by Ishaq (11) and his observatioic 
can bo easily explained by tho originally mixed character of the variety which h<c 
been evident throughout tho present investigation. In 1021 before the writer toot 
over the control of these investigations one hundred heads had been selected in ea( 1 
of the three varieties under study, and these were grown in lino culture in 1922. \ 

number of the lines so obtained were rejected as weak or late, and the rest wci< 
harvested. The yielding capacity of the strains varied greatly, and the thirty 











THADANI AND DURGA DUTT 


147 


best yielders were kept for the further trial. The actual variation in yield per plant 
in each variety was as follows 

Table XV. 


Variation of yield in straws of rice varieties. 


Variety 

Number 

of 

strains 

Highest and 
lowest yield 
per plant 

Average 
\ield ]>er 
plant 

Kcingiii 


• • • 

S9 

grni. 

14 to 51 

grm. 

2-4 

Jajai 

, 

. 

01 

1-3 to 4-5 

20 

Vtong 

, 


ss 

14 to .-) !) 

2-S 


In the following year the thirty selected strains were sorted out, and linally 
only live of the strains of each variety wore kept for study and multiplieatiou. 
These were found to retain their high yielding charaetor froiu gemu'atiou to genera- 
tion, but were still further reduced for (‘onvenience of multiplication in 11)25 to 
three strains of Kamini (Nos. 27, 43 and 25), two strains of Jajai (Nos. 77 and 13) 
and two strains of Pronq (Nos. 3G and 57). Tested in six or seven re])lications in 
that year (1025) and compared with the crop from unselected seed of the same 
variety, the following results were obtained. 

Table XVI. 


Increase of yield in selected strains of rice. 


Variety 


I'M teamed \ itld 
over unseleeted 
sets! 

Rcmaiks 


.strain 

IVr cent. 



"No. 27 ... 

19 1 

.U1 i-cpluations (0) agreed. 

Kuiigtii . , 

No. 43 

2S-2 

„ (7) „ 

1 

^No. 2.5 ... 

31-7 

„ (b) „ 


"No. 77 . . . 

11-0 

Si\ out ot seven re plica tiouN 
agreed. 

•III ill! . . . .-< 





N(». 43 

27 4 

Five out ot seven rt'phta- 
tions agreed. 

P ' 

1 Hdliq . , . 

fNo. 3« 

1 

32-2 

All replications (Oj agreed. 



1 

d 

21-9 

» (7) „ 
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The actual yields per acre obtained from these strains in three successive years 
in field scale trials may be (»f interest. ^ 

TAULft XVTl. 


Yield of selected strains of rice 'per acre. 


— 

1924 

l!)2r> 

1020 

Ma\ii)iun) 


11). 

\h. 1 

11). 

11). 

rNo. 27 

1,200 

1.1S2 

1,270 

2,422 

Kanyvi . < 





I^No. 42 

1,072 

1.188 

l,40() 

1,022 

CNo. 77 . . . . . 

1,020 

1.121 

1,280 

1,000 

Jajai . . < 

kNo. 42 . 


l,01S 

1 .702 

l,07<; 

rNo. 20 

1,2SS 

1,570 

1,400 

1,028 

Prong . . < 





bNo. m 

1,.{20 

1,220 

1,012 

1,220 


The strains described liav<i regained tlieir special yielding cliaracter when grown 
oil a large scale by farmers, and tlH‘y are now establisluMl in (‘ultivai ion. 

The selected strains of (nu*h variety, having l)een scdectt^l for yield, do not show 
any large difference in time of ri[)ening among themselves. 

VIII. Acclimatisation of exotic rices. 

While all tln^ elfects i(t improvement of ri<*es for cidlivation in Sind have concent 
rated on selec'tion from tini best of the local types, and especially on those srdtable 
for cultivation in U|)p(*r Sind, tin* possibilify of obtaining from abroad or from 
the other parts of India types of rice which coidd replace some of those now grown 
has not been neghicted. In the course of this irnjniry. an a[)parently indigenous 
type of rice, named Hetofaht was discovered in <*ultivation, whose name pnxdaiins its 
ultimate derivation from Bengal which is (»f some int(;rest in this comantion, a^ 
showing how some, at least of exotic rices, have already acclimat istnl themselves. 

This Hcnijalo rice was found in cadtivatioii at Tando (fhulam Jlyder in bower 
Sind, and proved to be the best typi* in Sind for quality, having a long fine grain 
and a thin shell and tight Imsk. It is also Jiighly scented, and has been valinxi at. 
a higher price in the market than the J(^jai-Sn</dusi, which has the high(*st reputa 
tion among the scented Sind varieties. It ripens along with the latter, and in 
1926 has given (in six replications) six ])er cent, higher yield. The existence of sncli 
a type has been hitherto unsuspected, but it indicates the possibilities of acclimatis.i 
tioii even under couditions so widely diflererit as Bengal and Sind. 

Ap^.rt from the above case, tJie efforts at introducing suitable varieties for Siinl 
from outside have not been very promising, bub details regardiug them may b<‘ 
given.. 
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JaiKW rices. Steeds of the followirig Japan varieties have Ix^en tried under 
(I])|)cr Sind ronditiojis : -Aiohjlii, Kaminn ^hiratma, Oha, Mjfakoc, Okiuca-shiratjasi, 
Shu’(^ytki^ OniitcJn ^ j\I fKjdt luti and Sf^kiiori . All of these are dwarf in habit of growth, 
hiiidly attaining a height of eigliteon inehes. Two Of (lie vari(‘ties, namely Kamino 
.iml Oba flowered in twenty-eight days after transplanting, but none of tliem matured 
grain. They were largely a fleeted by tlie disease known as Svlcrotial disease 
caused ])y the fungus ScIcrofiuiH onjznr. 

Rices from /he Central Hrorinres (India): -Nine varieties were tried under 
Upper Sind conditions, sent under the following names : Kariasda, Khurahan, 
Kanla ^aiJa, Bhadair-Bhondi, Khoa/ Bohira, Bhat Ma/hnra,, Bha! (inrmalia^ BInU 
Bundari, Karia-Bohiri. All of them were coarse grained, and have no characters 
w hicih make them spc^cially suitabhi for Sind. 

Assam rices. No less than sixt(‘cn varieties from Assam w<‘re grown in Upper 
Sind. Most of them were high tilkuing and three of the varietuis wen^ specmlly 
interesting in this rc'spect. These were (I) Basmafi, (2) Basanf Bahar (A. S. 224) (3) 
Tipidamia Basanf Bahar (A. S. 224) is a very line rice, and this ('ombine<l with 
high tillering capacity indicates possible' high valiu'. Tipidamni is perhaps the 
most highly tillering ri(‘e we have got, though it is early and has a coarse red 
giain. 

Bemjal Rices. Tlu' following rices fnmi Jhmgal (Dacca) liave been studied in 
Uj)per Sind: BarO'j Makhi, luUak Tara, Jas<i ffalam, Dadsar, Indrasail, Dadkam. 

The last of these {l)adka)ii) is not a lU'w introdu(*tion as it has been grown in 
Uj)per Sind for a number of years. Tt is a late variety and does not appear to bo 
widely adaj)lable. It has, how('V(*r, a very line grain and is po|)ular, — though the 
grain is not suit(‘d for parI)oiling. Jt has been compared wnth Brntap and ffapu in 
lliree suc(‘essiv(' yiairs, as to tim<‘ r(‘(piired for maturity and th(» yield per ])lant. 
The t(*sts w'ere mad(? in (‘ight re|)lications in each case. 

Taui.k XVJIl. 


{Unnparafiee characlers of Dadkani and Bromj rive in Bind. 








1 )(!((/ tun Hue 

(No. (j5 or 20 




H icp 

1 Dijys iKM'rlefl le muluie 


|)a\s 

DaVh 

15)24 


J29 

i:U 

15)25 


i:a) 

121) 

15)21) 



122 

121 

‘ Viel<l per plnnt 

1921 


(Ini). 

211 

( li 1)1. 

17 0 

1 925 

. 

15-2 

140 

15)21) 



Jl)-;) 

18-7 


AviRAcn 

17-5 

! lo-s 

i 
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Table XIX. 


Coniparalive characters of Dadkani and Jajai rice in Sind. 


— 

Dudkttni riiT 

i Jdjai 

(No. 0*1 or 77 

IKf ) 

1. riocdi (i to matuie 

Dayb 


11)21 

12 1 

120 

1925 

124 

115 

192() 

liS 

123 

2. \h* 1(I pof plant 

1 



(lini. 

(5 111. 

192t . . . 

24- 1 

22-0 

1925 .... 

IS-7 

11 0 

1920 .... 

15 2 

17 5 

Aviu\(,n 

192 

17S 


It will thus b(» soen that this imported typo [Dadlani) from Bonsai has given al 
least equal yields at Ijarkana to those given by the other high quality s(‘entecl ricO'^ 
of Upper Sind. On continued growth it has, liowever, been found by growers to 
be delicate and to be more susceptible to the leaf spot {U ehninthosponwn) disease, 
which has done so much damage in U])per Sind in recent years, and particularly 
in B)25. 

Out of the other five Bengal rices mentioned above Suraj Mukhi and KataL 
Tara proved to be early when growm at Larkana, while the others were extraordin- 
arily late. Dndsar ri[)ened twenty six days later than Jajai, but gave 59 per cent 
higher yield. Indrasail ripened fortyone <lays later than Jajai, and gave IG per 
cent, lower yield than the latter. These yields were taken in eight replications 
in 1925. These very late rices are, however, of little use in Sind owing to tlu' 
failure gf the water sujiply and to the liability to very great cold and even frost 
in December. 

Rices from the Konkan. There hav<‘ been worked out in recent years at Karjat 
in the Konkan a number of pure strains of the very valuable Kolatnba rice, and 
several of these liave been tested at Larkana (Upper Sind). These Kolamba rici'^ 
have very small gr.iins, and are valued higher than the local non-scented varieties, 
though they are not suited for parboiling. Trials with replication show that none 
of them yields more highly than the local selections from Kanejni rice, while souk* 
of them {KoIand)a No. 79 in parthmlar) seem to be specially susceptible to th»^ 
leaf spot {Udmintlmporium) disease. 
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APPENDIX II. 


Length of earhead and number of branches per earhead in Sind rice varieties, 

1923. 


Variety 

Mean of 

oarhoad 
in inches 

.Moan niunber of 
oarhoad branohew 

Sighro .......... 

7-2 

7*9 

Par&ad 

7*5 

8-0 

Ijari .... ..... 

7-7 

9-(3 

Oanja .......... 

7-7 

8-3 

Jirtishahi ...... 

70 

100 

Hidri ..... . . . 


91 

Kunjro .... . . . 

8-3 

111 

daujro .... 


10-2 

Ptd Kanyro ... 

8-1 

8-0 

Torh . . 

8't 

9-3 

New "^l^ype B. . . . 

8*5 

8-r» 

New Type A. ........ • 

8-5 

8-5 

iSnIhri .......... 

8-7 

no 

Ualrya ..... .... 

90 

8*5 

Pi.sta .... ... 

9-3 

9-9 

Sonnhiri ... ... 

100 

8-5 

New Type Y. . . ... 

91 

10 o 

Molinro .... ..... 

10-2 

17-0 

New Tyjto Z. • 

10-7 

12-2 

Sadn (tulah ......... 

10-7 

S-9 

! 1 
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AITENDIX HI. 


Number of spikelets per earhead in Sind rice varieties, 1923. 


Vaiioty 

NuinlxT of 
ciirhe.ids 
(‘x.inimed 

Moan Nuinhci 
of spikolcts 
per OdiliOrul 

imi , 

10() 

92-5 

N(\v Type B 

Kil 

04-2 

iSnihro .......... 

205 

94-7 

Sonahtni ........ 

180 

95-5 

(lunjd .......... 

102 

900 

Ji'dinfa ...... ... 

110 

102-5 

I’iOIKf ...... ... 

180 

101-0 

//f»/ kdlUJtO ..... ... 

U7 

i06-:{ 

^(w'r^peA. , . ... 

l8o 

100-0 

iSiida Uulah .... 

117 

110(» 

.tajtu ... 

170 

142 5 

luifi ... ... 

105 

i45:i 

(tdllJiO ...... 


140- 1 

I'dt at! ..... 

]I(> 

1.500 

..... 

170 

158*5 

hunijiu ..... - . . 

448 

102*7 

kllhl . ... .... 

182 

105*0 

M’jfiuto ...... 

I5f) 

100 1 

........ 

111 

205*8 

kmijut .......... 

170 

2.55.0 



115 

303*1 







154 


STUDIES ON RICE IN SIND, PART I 


APPENDIX IV. 

Yield of single plants (spaced 12 by 9 inches). 


Variety 

Yield 
per plant 
in grin. 

Wirhty 

Yield 
p« r plant 
in grill. 

1 Variety 

Yield 
per plant 
in grill. 

rices in JU.!4. 







1 Tcrh 

38-32 

2 Noa\ tj p<* Y 


35-04 

3 Motiaro 

34-92 

4 Kiiojro 

30 73 

5 Sada (liilab 


30-01 

0 Dadkani 

30-10 

8 Bengalo 

28 80 

0 Ited Kangro 

• 

27-78 

10 Early Karjat . 

26-19 

11 ruto . 

25-28 

12 SouahlrL 


25-28 

13 Canjro . 

25-00 

14 Sathrl . 

23*47 

15 (lauja 


23-36 

10 Parsad . 

22*68 

17 New Type Z. 

22*22 

18 Bidrl 


21 77 

10 Ratrya . 

20*86 

21 Kew Type X. 

2018 

22 Jirauhahi 


19*73 

23 Sludlii Kambroo . 

48-25 

24 Ghajrai 

18-14 

25 Sighro 


17-57 

20 Lari 

17-12 

27 New Type A. 

17-01 

28 New Ty|)C B. 


10-00 

20 Barsati 

14-17 

30 New Type Za. 

13-72 

31 Bengal rice 


6 57 

.... 

. . 

Konkan rices, 1925, 







1 Koluiuba 211 

40-1 4 

2 Koluinba 181 


35 00 

3 Koluinba 79 

24-15 

4 Koluinbu 153 

20 30 

5 Koliiinba 42 


18-82 

— 

. , 

liengal rices, 1925. 







1 Indra Sail • • 

27 55 

2 Dud-^ar 



:{ Jeshabalam 

23-70 

4 Dadkaul 

22 70 

5 Surajimikhi 



0 Katak Tara . . 

11-90 

7 Bengal liee 

5-10 

— 


.. 

.... 

.. 

Assam liees, 1925. 







1 Tlitldiiiuia 

38-14 

2 BaHinnti 


33-11 

3 Basant Bahar A. S. 
231 

0 Kartak Sail . , 

20 30 

4 Nagra Sail . 

2«-()8 

.5 bati Sail 


20 08 

1 22-79 

7 (Jeorge Sail 

22-70 

K Kaskadniii 


21 43 

9 Barashinurti . 

18 81 

10 Indra Sail 

18- 18 

IL TuMJoha 


18-14 

12 Sail Badal 

17-00 

13 Basant Baliar 233 

10 78 

11 Ka^'alatlia 


15 08 

15 Bir r.'vk 

C-57 

Central Vrovinccs rices, 
1925. 

1 Kliurabaii . 

32 O' 

2 Bbat 11 urinal ia 


31-41 

3 Bhatrandri . 

22-08 

4 Karla buUiri 

22 08 

5 Karia Sila 


21-20 

0 KantaSela 

15-08 

7 Bltadun bhiindi 

14-17 

8 Bliat Mathura 


7-14 

.... 


Deep xcatcT Dacca rices, 
1925. 

1 Seclm Aiuun 

5-21 

2 Joyana 


4-04 

3 Narianda 

* 4 :.3 

Japan / ici v, 1925, 







1 Slilranki 

7-50 

2 Oina<‘hl 


5-32 

3 Sekl Tori 

3-85 

4 Shirataiiia 

2 38 

5 Kaiiiiiio 


1 -0:1 

0 Magataina 

l-7u 

7 Oba . 

1-02 

8 Okwashiragani 


0 00 

0 Aiokoku 

0-45 

10 Myaku 

0-34 

.... 


•• 

.... 
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APPENDIX V. 


Flowering and ripening periods of foreign varieties of rice as grown in Sind in 

1925.26. 


Variety 

l)a^ s to 
tiowei tioni 
tians plan ting 

Inten al fioni 
llowi'iing (o 
niaLuiity 

Days to 
ripen from 
transplanting 

Kolaniba 79 


Kolnmha strains. 




()9 

2(> 

05 

„ 184 






ti.j 

32 

Oii 

„ l/>3 


. 




70 

15 

115 

„ 241 


. 




SI 

31 

115 

„ 42 


. 




SO 

31 

123 

Katak Tara 


Bengal varieties. 




<»s 

33 

101 

^uiaj Muklii 


• 





34 

101 

J)acllvani 

n 





^0 

10 

120 

.I(“-l.abalani 






100 

31 

134 

l)u(lsar 

• 

. 




05 

30 

134 

Indra Sail . 

• 

. 




110 

32 

112 

Ha'.ant Bahar AS 224 . 




1)2 

27 

SO 

Tipidumia . 


. 




()1 

34 

05 

Kasa Lath a 






(>() 

30 

102 

Uaskadum . 






05 

37 

102 

Baiashmurti 






i)4 

3S 

102 

'lulsijoha . 






7t 

30 

104 

Ha'jmati 






71 

41 

112 

Kaitik Sail 

. 





ss 

33 

121 

basant Babar 2311 





ss 

31 

122 

L'eoFge Sail 






S3 

39 

122 

Nagra Sail . 






94 

10 

134 

J-ati Sail . 






OS 

30 

134 

V.ii Pak . 






100 

38 

13S 

•^ail Badal . 






105 

35 

no 


D 
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STUDIES QN BICE IN SIND. PART I 


APPENDIX N—comd. 


Variety 

1 

Dayq up to 
flowering 

Interval 


ylssrtDt ini iftif 

Indra Sail ...... 



lot 

.38 

142 

l>hit«<: ..... 


• 

100 

48 

148 

Cenintl Proainfs inrnlif'^ 
KaiiavSda ...... 



07 

30 

103 

Kliuralian ...... 



71 

32 

103 

Kanta Sf la (K.n]\ ) .... 

. 


07 

13 

108 

Tihadun Hhiindi ..... 


. 

00 

12 

111 

Khiit PiOiia 



74 

to 

111 

Bhat Mall uia ... 



7.0 

42 

11.7 

nil'll "111 Dial 1 1 ..... 


. 

71 

'll 

115 

niiat Pandii ..... 


. 

70 

30 

11,7 

Kaiia Loliif 1 ..... 



79 

42 

121 

Jhfp unffr Dacca nee 
Narenda ...... 



99 

33 

1,32 

Scclia aman ..... 



99 

5,7 

151 

Joyaiia ...... 



108 

10 

151 

Japan inriefics, 

Okwasliiragasi ..... 



50 

40 

90 

Shiranki ...... 



.70 

40 

90 

Omac'iii ... . . 



48 

48 

90 

Magalina ...... 



.70 

40 

90 

Seki tori . 



48 

48 

00 

Aiokokii ...... 



18 

00 

108 

Kamtno . .... 



28 

80 

108 

Sliiiatina ..... 



48 

00 

108 

Oba .... 

• 

• 

3.5 

73 

108 

Mjakoo ...... 

• 

• 

48 

00 

108 
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APPENDIX VI. 

Part I. 

Time of the day when opening of flowers takes place. 


Variety 


^UM1^ER DE J-LO\>KItS OPLM l) <».N ONE lARIlFAD 


1, K annul • 

li Jajai 

t, ^athri • 

siniiTd . 

(•i. Sunahirl 

7. Stula (lUhib 
Torh 

9 . GanjTO . 

10. Bulrl . 

Total 

PEllCENTAGE 

192 i. 

1 Diulkani 
2. Moliaro 


Lari 

I. (iilTlja 

T). K annul 

(». Kunjro 

7. Kolulta L 
> J’lst.l 

9 .liiasliahi 

10. Ih nnal ric 

II . Sinliro 
1.!. Buiri 

1 { Ganjro 

11. Sathri 


11). X( w t> pe A. 
10. ll(d Kaiigro 

17, Kolumba 79 
1\ I’ar^atl . 

19. Soiuxlnri 

20. >a(laUulab 

21. Turb 

22. Prong . 

23. Jajai 

TOTAL 

rERCENTAGE 


7-30 


OJ 

0 


2 7 
0 3 


IH 

no 


5 7 
2N 3 


2 6 
4 :i 


0 5 
2 I 


80 8 


1 

3 

0 24 


1 9 
1 I 


0 .1 

0 1 


0 

0 1 


0 0 
7 2 


10 0 
10 t 


2 rt 

9 rt 


0 2 
1 I 


117 8 
3 7 


0 I 


2 H 

5 8 

I 5 

4 7 

I 3 

0 0 

11 2 

5 3 

5 0 
8 I 

.') I 
12 5 

15 2 
15 8 

2.1 4 
28 1 

5 0 
10 8 

II 3 
8 2 

88 

209 0 

OO 


40 

21 


10 

0.1 


31 

33 


10 

.10 


399 
31 92 


9 0 
0 7 

4 0 


3 5 

h 0 

13 0 

20 I 

.10 1 
13 9 

9 8 

21 0 

0 > 
19 4 

19 0 

19 0 

39 

13 i 

15 9 

14 9 

12.8 

15 2 

10 3 
332 5 
10 0 


1 1-10 


20 

51 


.51 

40 


13 

13 


10 

20 


24 

21 


020 
.50 08 


30 0 

3 2 

10 3 

14 2 

9 9 
27 7 

10 9 

4 I 

15 2 
17 0 

4 ; 2 
50 8 

.’,0 0 

12 0 

51 o 
22 9 

94 O 
17 7 

0 

10 4 

12 5 
IS 1 

l7 0 

OM) 1 

21 5 


141 
11 28 


37 1 
5 7 


19 2 
3s 3 


3 5 5 
72 4 


•»3 0 
T.; .5 


75 0 
27 i> 


0.7 .5 
39 5 


.1 5 
9 9 


1 1 0 
10 1 


44 I 
25 0 

21 0 
18 0 

24 8 

902 0 

27 8 


15 1 
11 3 


39 2 
35 5 


30 5 
28 9 


48 5 
50 2 


11 I 
3 0 


7 I 
I .5 


rnoixMiL-d 

and 

.ibnormal 


I 1 
1 1 


18 0 
11 1 


19 I 
9 5 

17 5 

508 .5 

15 9 


0 5 

1 3 


19 4 
35 0 


20 3 

1 I 


10 7 
9 .8 


17 3 
19 4 


5) 

0 

0 

0 

0 

0 

0 

0 

0 

1.80 I 
5 0 



9 0 
17 I 


3 3 
5 8 


0 1 
3 7 


13 5 
11 0 


10 3 


5 7 
8 3 

I 3 

3 2 

2.8 3 
110 

11 1 
0 

0 

7 7 
0 

200 4 
0 5 


I’OTAL 


1.58 

101 

1.31 

123 

90 

138 

118 

104 

75 

92 


1,250 

100 


119 6 
82-2 

134-3 

142-2 

1118 

150- 5 

190-.> 
200 1 

.501 3 
125 6 

151- 4 
141-9 

107-4 
102 8 

118-7 
93 .S 

302 4 
107 0 

132 4 
103-4 

8 G *0 

87-3 

83 i 


3,220 0 

lOO 
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STUDIES ON RICE IN SIND, PART I 


APPENDIX Yl~contil 
Part II. 

Period of flowering of a single earhead. 




Ni MHi R or I i,o\N 1 Its ()itm:i> 

o\ r\(’n 

1>\Y 


rnojKMirel 

.01(1 

•ihiiortaal 


Variety 

1st 

2iul 

\u\ 

ith 

31 h 


m 

sth 

To'iHr. 












1. Knn^tii . 

20 

'.1 

■*1 

2'> 

0 

0 

0 

0 

li 

r.s 

2. Jaj.ii 

17 

>1 

2n 

2^ 

1 1 

0 

0 

0 

r. 

101 

y. Sathri . 

2s 

10 

2^ 

21 

s 

0 

0 

0 

2 

12 5 

4. Siyliio . 

20 

.10 

u 

9 

2 

0 

0 

0 

1* 

9(1 

r>. CJanjro . 


10 

22 

1 5 

1 

0 

0 

0 

2 

7.'» 

C. Jihlii . 

I 1 

. J 

2^ 

ll> 

5 

0 

0 

0 

1 

92 

7. Pioiifi 

1 ; 

2'» 

52 

2o 

20 

r, 

s 

0 

1 

1 51 

8. Soiialilii 

20 



20 

20 

7 

1 

0 

;5 

1 5s 

9. S.ni.i 

i 1 

a> 

»> 

1 1 

1 1 

0 

1 

0 

3 

lls 

10. Toth 

21 


52 

52 


(5 

1 

0 

4 

101 

n’()T\L 

214 

ll'iS 

201 

10 » 

117 

21 

20 

0 

28 

1.2 .(I 

J’l lU'I NTAt.r, . 

17 12 

2^ 01 

2 1 ..2 

1 > 00 

<1 50 

1 02 

1 (>0 

0 

2 21 

1(10 

J9l*J I'jtrhj rnne- 
ties. 




1 

1 






1. Ni>\v'r\jK'A . 

1 1 r» 

2'M» 

.’.2 0 


1 5 4 

0 

0 

0 

1 .3 

lls 7 

2. Smhro . 

17 7 

40 

27 9 

:.o 

JO ‘5 

19 3 

0 

0 

.3 2 

1 >1 1 

3. Rielri . 

JM) 

10 1 

3 5 1 

2-. 4 

9 0 

1 0 

0 

0 

4 8 

1 11 0 

4, (J.'injrt) . 

2(1 1 

;i s 

22 .5 

1.5 0 

10 s 

0 7 

0 

1 0 

mm 

107 1 

6. ISathii . 

2:, { 

i50 1 

2 5 ,{ 

9 O 

0 3 

0 2 

0 

0 


102 '' 

6. lU'd Jvant'ro . 

2',.? 

31 2 

1 9 ■> 

‘.»0 

1 9 

1) 1 

0 

0 


9 > 1 

7. Pista . 

10 

1 9 

2o 9 

41 S 

:5C. 0 

39 5 

20 7 

0 

11 0 

200 I 

8. Kohiiulta ‘.train 
79. 

10 1 

.'»9 7 

70 2 

01 0 

15 1 

10 0 

:.i 

4 1 

28 3 

502 1 

9. Parsnel . 

n 0 

31 7 

t.» 1 

31 7 

8 5 

11 2 

.3 0 

2 8 

11 0 

1()7 0 

10. Sonaliiri 

10 9 


2() 2 

ISO 

1 :» 9 

12 3 

7 8 

4 1 

n 1 

1 .2 I 

11. Jajai 

H ‘J 

20 0 

1 s 2 

12 1 

7 0 

S 2 

0 1 

■n 

0 

s ; 4 

12. Jirasltahi 

2tj 7 

41 2 

(0 

:is 1 

18 0 


11 r> 


10-3 

301 0 

13. Kolumba strain 
42. 

• 

8 3 

1 

14 7 

o7 7 

32 7 

37 8 

.32-7 

12 4 

H 

13-5 

10()*3 
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APPENDIX W^ndd. 

Part II — concld. 

Period of flowering of a single earhead. 



NUMIUll OF I-Lowms OIM ^^D OV F UMI D iY 



Variety 

1st 

1 

2nd 

1 

.ird 

4tll 

.. 1 

:.tb 

(.th 

7tli 

sth 

otu 

loth 

lUh 

'.ja 

- 

rom 

1V24 Late vane- 














14. S.ui.i (tulab . 

12 0 

20 0 

20 1 

11 1 

10 1 

1 . . 

7 . 

> (. 

2 . 


0 

0 

i 101 l 

15. Torh 

US 

Is 7 

12 s 

10 7 

0 7 

12 2 

1 > 

. 1 

0 1 

0 

0 

0 

GS ) 

10. Moti.iro . 

5 ') 

7 2 

11 1 

i 5 

1 

2 9 

2 1 

0 ~ 

1 2 

0 > 

0 

0 

17 1 

S2 2 

17. D.vlkaiii 

1 0 

12 t) 

12 0 

20 s 

10 ] 

1 . 7 

U 1 

1 ) 

1 7 

0 

0 

0 0 

11 1 G 

IS. Kunjro . 

11 7 




. 0 

12 5 

12 . 


• ^ i 

0 1 

0 

0 

{ 7 

i .0 } 

19. Pioii}? . 

0 ) 

21 0 

2 7 

0 7 

7 7 ' 

0 ). 

<» _ 

.1 ! 

0 > 

0 1 

0 

7 7 

7S J 

I'O. Kangui . 

I'l 1 

17 1 

21 r j 

1 . 1 

II 1 

1 2 


1 

*^7 1 

1 0 

0 

11 1 

III s 

21. 

f> I) 

“M 

10 1 

1 

21 s 

21 0 

1 > ^ 

I . H 

7 2 

7 2 

{ * 

i ‘ 

’> 1 

lU 5 

22. (lanja . 

s 0 

u 0 ! 

211 0 

22 7 

is 1 

12 1 

0 1 

> 1 

1 0 

10 

0 (. 

. s 

142 2 

J.{. I5iMiK.ll Jtict* . 

7 II 

7 s 

10 7 

11 ) 

0 i 

1 1 - 

10 1 

1 ) 1 

2 s 

7 2 

1 1 


1 2 > u 

Total 

;o > 0 

.so 5 

. M 0 

.20 0 

, 

.71 1 

2 Is 

1 M > 

7W, 

1 1 1 

Im! 

21 1 

210 1 

5,22J 

l*ERn\i\(>r . 

0 ) 

Is 2 

( 

Is 1 

h» 1 

11 . 

1 2 

1 j 


1 

7 

7 


U 1 


M(aPC -M— IV.2.70— 22.’)-JS-05O. 
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M.sc., Labh Singh, L.Ag., B.sc.(Ag.), and S. M. Husain, b.sc. Price, As. 1 
or Is. Gd. 

Silage Experiments at Nagpur, by Harold R. Annett, d.sc,, v.i.O., m.s.e.a.o. 
and A. R. Padmanabha Aiyar, b.a. Piice, As. 10 or l«. 

Natriontfi required for Growth Production with Indian Foodstuffs, by F. J 
Wabtu, M.S0., and Isaz Ahmad, b.so. (Ag ) Price, As. 3 or4d. 

A Study of Absorption of Moisture by Soils by J. Sen, m.a., ph.D., and Bhai 
LAL il. Amin, b.a. Price, As, 6 or 9d, 

The SoloctioD of Burma Beans (Phaseolus luruxtus) for Low Prussic Acid Content 
by J. Charlton, m.sc., f.lo. Price, As, 10 or Is. 

Bangaloie Maintenance Experiments, First Sdiios, by F. J. Wabth, m.s< 
Price, An. 11 or Is. 2if, 


2 



Chemioal Series— 


Vol. IX, No. III. Soiia© Digestibility Trials on Indian Feeding StufTs II, by P. E. Landek, m a,, 
D.sc., and Pandit Lal Chvnd Dhahmani, L.Ag., b.so. (Ag.). Piice, 

As. 10 or 1^. 

VoL IX, No. IV. The Effect of Manuring a Crop on the Vegetative and Reproductive Capacity 
of the Seed, by B. Viswanatu, f.i.c., and M. Surunarayana, b.3c. Price, 
As. 14 or !«. (id. 

Vol. IX, No. V. Expcriinonta on the feeding of Sorghum Silage and Concoutrato to Scindi Calves, 
by F. J. VVauth, m. bO., and Shari Kant MibRA. Price, As. 9 or lOd. 

Vol. IX, No. VI. Losses and gains of Nitiogcn in an Indian Soil studied in relation to the seasonal 
composition of well waters, and the bearings of the results on the alleged 
deterioration of soil fertility, by Harold E. Annett, d.sc. (Lond.), f.i.c. 
M.S.E.A.C., and A. R. Padmanabwa Aiyer and Ram Narayan Kayastd. 
(in the press.) 

Vo!. IX, No. VII. Some Digestibility Trials on Indian Feeding Stuffs, Part 111 : Some Punjab 
Hays, by P. E. Lander, d.sc., a.i.c., and Pandit Lal Chand Duarmani, 

L. Ag., B.sc. (Aqri.). {In the press.) 

Vol. IX, No. VIII. The doteriivnation of the Electrical Conductivity of the aqueou'j extract of 
Soil as a rapid means of detecting its iirobable Fertility, by Ashutosh Sen, 

M. sc. [In the press.) 


Entomological Series 

Vol. IX, No. IV. The Red Pumpkin Beetle, A ukteoptiora abdomiruihs^ h'b. {y'oieoplorn Chry- 
somelidas) and its Control; with a short Note on A. atripennis Vb,, by M. 

. Afzal Husain, m.sc., m. a., and S. AiiDULTiAH Shah, L.Ag. Price, Re. 1 or 

Is. 9(f. 

Vol. IX, No. V. Experimenta on the Tranamission of Rinderpest by means of Insects, by S. K. 
Sen, b.sc., f.e.s. Piice, Kl 2-4 or 4s. 2d. 

Vol. IX, No. VL Studiea on Indian Thysanoptera, by Db. II. H. Karny. Price, Ro. 1-8 or 2a. 6d. 

VoL IX, Nos. VII~New Species of Indian Gall Midges {llonididce), by Dr. E. P. Felt ; Now Indian 
IX. Qeometrida), by Lewis B. Pbout, P.B.a. ; Description of Laspeyresia siirpi* 
cola, n. Bp. (Lepldoptera) , bj K Msybic k, f.b. 8., with a short Note on the 
Life-history and Status, by 0. S. Misba, b.a. Price, As. 5 or Gc/. 

Vol. X, Nos. 1 Four Now fudian G.ill Midges, by Dr. E. P. Felt , The Citrus V&ylln {Diaphorina 
& TI. ettri, Kiiw.), by M. Afzal Husain, m.sc., m.a. Price, Re. 1 2 or 2a. 

Vol. X, No. III. Braconidaa Vipioninm of South India, by T. V Ramakrishna Ayyab, b.a., 
F.E.S, F.Z.S Price, As. 14 or la. 3d. 

Vol. X, No, IV. Some New Indian Miridas (Caps ida), by E. Ballard, b.a., f.b.s. Price, As. 6 
or 8d. 

Vol. X, No. V. The Use of Hydrocyanic Acid Gas for the Fumigation of American Cotton on 
import into India. Experiments on its lethal power for the Mexican Boll- 
weevil (Anihonomus qrandis) and for the Grain-weevil (Sitophilvs oryzee ) ; 
on the extent to which it is absorbed by Cotton and Jute respectively ; and 
on a practical method fur satisfactory fumigation on a large scale, by A. 
James Turner, m.a., b.sc., and D. L. Sen, m.sc. tech., m.sc., with a Fore- 
word by B. C. Burt, m.b.e., b.sc. Price, Rs 2 or 3a. 9d. 

Vol. X, No. VL Studies on Platyedra gossypiclla, Saunders. (Pink Bollworm) in the Punjab, 
by ScHAN SiNQii Bindua, m.sc. Price, IN. 1-14 or 2s. 3d. 


Bacteriological Series 

Vol. II, No. II. A Bacterial Soft Rot of (-arden Poppy, by C. S. Ram Ayyab, b.a. Price, 
As. 5 or Od. 


Veterinary Series 

Vol. Ill, No, VI. Nasal Granuloma in Cattle, by V. Krishnamuru Ayyab, i.v.s. Price, Re. I 
or la. 6d. 

Vol. lU, No. VIL Exper iments on the treatment of Hookworm Infe tion in Dogs, by Amarnath 
Gulati, M.SO. (Punjab). Price, A«. 11 or la. 3d. 


3 



Veteriaary Series — contd. 


Voi. HI, Nos. vm & 
IX. 

Vol. IV, No. I. 
Vol. IV, No. II. 
Vol. IV, No. III. 


Oa the oooarrence of a Lung Fluke Faragon^mus tdwardai^ n. sp. in a Palm 
Civet (Paradoxurua grayif in Kuma^n Hills, by Amaunatu Gulati, also. 
(Punjab) ; On the ooourrenoe of Jaospora and Bataniidium in Cattlo by H. 
Cooper, iC.B.o.v.s., and Am \RNATH Oitlati, m.so, (Punjab). Price, As. 4 

or Of/. 

The Cheniotheraiiy of Sjrra. {Trypanosoma Evansi Infections) of Horses and 
Cattle in India, by .1. T. Edwards , d.sc., m.r.o.v.s. Price, Rs. 4-2 or Is. 
Studies in Bovine Lymphangitis, by V. Krishnamurti Attab. Price, Re. 1.;] 
or 2a. 

Trypanbluo and certain dithio-aniline derivatives : some clinical observations 
upon tlioir efficacy in the treatment of Piroplasmosis and other affections 
in the Central Provinces, by Major R. F. Stirling, f.b.o.v.s., d.v.s.m., 
F.z.s. Price, \s. 3 or Id. 


No. 161. 
No. 165. 

No. 166. 
No. 167. 

No. 1G8. 

No. 169. 

No. 170. 
No. 171. 

No. 172. 

No. 173. 

No. 174. 
No. 175. 

No. 176. 


Bulletins issued by the Agricultural Research Institute* Pusa 

Standarrl Methods of Audysis of Fertili/ors, by J. Sis'!, M.A., ph.o. Price, As. 4 or 6d. 

List of Publications on Indian Entomology, 1925 (compiled by the Imperial Entomologist, 
and the offg. Imperial Entomologist, Pusa). l^nce, A". 12 or 3d, 

Sampling for Kice Yield in Biliar and Orissa, by J. A. JIubback, i.c.s. Price, As. 7 or ‘A/, 

A Scheme of Classifieation of the Varieties of Rieo Found in Burma, by R. A. Bealk 
Price, As. 6 or 8d. 

List of Publications on Indian Entomology, 1026 (compiled by the Offg. Imperial Ento- 
moJogist and the Imperial Entomologist). Price, As. 10 or Is. 

Tho Stcm blooding I)isca.se of Arecanut (Arrra cntecliy) cammed by Thielaviopsis paradox'! 
Von Hon., by K. Su.vdararvm vn, m.\., C. Krishnan Nayar and T. S. Ramakrishnvn, 
M.A. Price, As. 9 01 Is. 

Seasonal Vaiiitions in the Co.iU^nt of .Milk at Pu^a, by J. H. Walton, m.a., m.sc. 

Price, As 6 or Hd 

Tho Improv('ment of Indiai. Wheat. A Biief Summary of the Investigations carried out 
at Pii.'»a ftom 1905 (o 1021, including an account of the new Pusa Hybrids, by Albert 
How.\rd, c.i.e , M.A., and Gabrillle L. (\ Howard, m.a. Price, As. 8 or lOd. 

Tho Mechanical \nalvsH of Tropical Soils, bv J. (hiARLTON, M.sc., r.i.o. Price, As. 3 01 
W. 

Occurrence of Triehornoii.id F!aj:« ilatt.- in the .>]ood stream of Fowls, by Hugh Cooper, 
M.R.O.V.S., and Amir Najii (U’I vii, m.sc. Ihice, As. 3 or 4d. 

Unit System for r.irrn liuiMinir", In (J. S. JTi:m>euson, n.d.a., n.d.d. Price, As. 6 or 6^/. 

A ComparHti\e Study of the methods of preparation of the Soil for tho Mechanical 
Analysis, with a >ote on the Pip dte 3b ♦^hod, by Amah Nath Puri, ph.d., and B. 
M. ^MiN.n.A. {I n thp prt '>'1 ) 

A Mctliod of meroaring tho Manur a’ Value of V ihun Cake, by N D. Vyas, L.Ag. {In (fit 
press.) 


Books 

Wheat in India, by Albert Howard, m.a.. a.r.c.s., r.L.s., and Gabrielle L. C. Howard, m.a. Price 
Rs. 6 or Is. Gd. 

A Description of tho Imperial Bacteriological Laboratory, Muktesar ; Its Work and Products, In 
Major J. D. E. Hoi^mes, m.a., d.sc., m.r.c v.s. Price, As. 8 or 9d. 

Agriculture in Indin, by Jamls Mackekna, m..a., i.c.s. Price, As. 4 or 5d. 

Some Diseases of Cattle in India. A Handbook for Stock-owners. (RovLed) Price, Re. 1-4 or 2.>. 
Report on the Diseases of Silkworms m India, by A. Pringle Jameson, d.sc. Price, Ks. 3. 


Notice 

All new publication- arc included in the above list and 010 regulaily posted to all on the mailing 
fist as soon as ibsued. Unless complaints of non receipt of any publication are received by the Mana- 
ger, Govcinmeac of India Central PubIi<atiou Lrancli, Imperial Secretariat l^uilding, 3, Government 
Place, West, Calcutta, within six moiuhe of tl e <!ate of is^ue, duplicate copies can be supplied oiil> 01 
payment of cost and postage 


U C - 


IV-2-70 -l'-5-L8— (>5() 



nay 1928 


Botanical Series 


Vol. XV, No. 4 


n<t»s®”6fW 

b^partm^nt of flgriQuItur^ 

in India 


Studies in the Shedding of Mango 
Flowers and Fruits, Part I 


P. V. WflQLE, n.flg. 

Aango Investigator, Ratnagiri Farm 



AGRICULTURAL RESEARCH INSTITUTE, PUSA 


Calcutta : Government of India 
Central Publication Branch 
1928 



Government oi India Publications are obtainable from the Government ol 
India Central Publication Branch, 3, Government Place, West, 
Calcutta, and from the following Agents 
EimoFE. 

(.111(1 (.1 111. IlK.il (OMMlsMI.M-lt JOK IM'M tl, l.K.MlMm (.UIWNS 1 OM.ON, h. 'N. 1. 

An 1 at ail Booksellers. 

INDIA AND CEYLON : Provincial Book Depots. 

OIIMI (.1 tin ‘-niMiii.t.iulint t on. J iminit I*i< Moiiiil lUaH Mudn*. 

ItoMitNN ''upi I Mit. nluit t.oM'imi.nt lniUlUjol l.wiillill lloniliaN. 

MMi liJ„ ON .11 otlu (Mil., .till, (.imni 1. mi m S,i„l K wa.i.l v , , 

lllN, \i (Mil.. ..I til. lull .1-..I.1.M11 Will. IS J.uildiiitts, ]{(,m x\u 1, l.ioumJ llool, 

L MU l/l'l ONINt IS <M V' I ' NMiOllIl 011l< < < Hi" Su) . Hill 1 1 .!( Ill ol ( .ON ( 1 llllMllt Pus^, I l)i(ul TlO- 

NIU.(S..| 1 iml Uiidli Mhliili.l I, , 1 1 I . 

IM N I N It oiiu I . ii I li. siij . I ml « iiti. Ill t ,. N . 1 1 ii . Ill I I ml I",- I imj t o I ali.iii 
lU I M \ Olli. ( . I 1 111 su| I I ml. 1 (I. Ill (.' 1 1 III. Ill I'l II I iiu l.iiinii Haii^o.ni 

tlMKNI 1*1 oNINt 1 " \M) IM 1 \1 Su| . > lllt“"l' "1 ( . N . 1 Mil . lit I’l lilt IIIR, I UlU.ll i lON HU l s ^.|.Zl,llr. 

Vss\M mil. . 1 1 li. Sui . I liM II.I. Ill \s till s,,i.l .11 il riisv* S)|]1)| 1 

Huinuami Oil'"'! on.. .1 II" Su] . .ml. Ii.l. Ill (,. N. HOIK 111 IMiiiliiig, Hili.ii ,iiul Oiiss.i, J*. U 
(.111/ ij I) i^ii riiiii , 

(OOIO mill ( Ot 11 . ( Im 1 ( . mu 1 ^loi" 1 "H OI,* 1 111 iloH. , ,, , ,, , 

Noi Hi W 1 SI 1 ] oMii 1 I’l oNiv. I (Mil.. .111. M Ml I ( . N. mil.. Ml rniiOiii: .iiul st.ilu nnj, l .si aw ii 


I h o ki I S| ink (k ( .. t il. 111! i iiul siiiih 

\\ iScM 111 Ml At.) I 111 ( ill nil I I 

It ( lllll I IN A ( > ( ll. ul I I 

s K i ilmi A ( O ( ll. U'l I I 

J ll. hi.lmi St hoi 1 sin I K Otiol Ml I . W li/M 
SlH. I ( ll. 11(1 I 111 1 _^( \ INN ll 1 III l> M. I 

l.iiltUNN. Mil .k ( . timli 0 I Ml < 'l‘ "II ' , I 

J{ M W ( s n. u M ilu.liii k S( 1J-. Ml) _ \ M MU . II I 

iUu.l ( ll. Mil 1 

sjuulM.l liMiiliiu t oni| MIN liiiiili.l ll. un I . 

Vss( ( 1 It Kill 1*1 . s ( 1 1 lit t I 

(Imk.iN.iltN (liill.ij.. A (. I Ml I (.>11. 1 I 
Si|ii o ( t ll' 111 1 1 j 

1 lit I tiok ( omi ll N ( ill III I 1 

.1 im. . Mill! IN k ( o i- < \. nun III 111.. I 

I ill. Ill I t ( 1 ' M < M < I < 1. M. 1 1 I III ll 1 1 ll M . mIn ) 

It IN (ll Mi'll IIIN k (O (.S ) \ hulo ll Milk.IJl 

It. I.l ( ill iiM I ,, 

111. Oil. Mill I Ill'll IlItU IMul . I (llllNNlill 
S( 1( . 1 ( ll. Ill I I , ,, 

stitnlill. I*iilli hill ( ' "I ilM ll I Ml. ( .hull I 
I, ( U I ik I 1 I’l. I'l 1' 1. 1 Ml . M I ll I M \ O i. . I 
Mill i Mi.'lh. Is It ij h ll I 

lll^'fMlll olil IMIS M hIi Is 

I’ It It Mil I In . I A ( .' M "ll I 
K. ( ll.MI . Ml.l S( M M l.ll I 

t, \ Niltsoi A (. I’llbll I" I (. ..!►,« I.'NNp 

M l.ll IS 

1 111 (isolillK ll I’llllllllllJ 11' list \.In M M oil I 
IMi^hl A ( o Inn mi 'iiiiii 

ill. ll. (kl'.N.i Iv. .11 I 111 I I I IIN Iii.lnim Mill 
III. Ill 

I N1 < I'l ll Ikii liii I In. II. I ii.liim ii.l q im M olio i 
\ ij i]Ull A ( " \ 1/ 1/ 1 1 1 1 Ml 

I h It k. I A t .1 I Ml I "Mil IN 

|) ll III nun. N ll l S( II N ( . I < Mil IN 

Smith I I’.lll'llM MU* I ' Mil .IN 

It nil ( ll Ml.ll ( ' N lli'l A ^ I In ill i h ' I Im 

llollll IN 

N M I lip ill" A ( .' I.ook ' Ii I I nil.' ‘^lu ' 

Iv ilh I.l. N 1 In" ol I ml IN 
I’H piM (( I Nl N\ Jn" ll I 1 II I O > 

IJli M MIUM I Oll'Ill ll I ' "!v ‘"MI I InII \ 'M.N 

I I Sjiiiln iw M I t 11 I ( 1 N 

It S lo.ll.lhll' kll s 1 . , k l»l I' 1 1 111 ll iMl Ml I 

ho. kst II. I InUiIIinn ll I ll inn 1 I'l I I I ( ll N 

It IIM I Kllsllin I". Opl'sllt \lllMllll I..MI 

Mimul.Iis A S |,t(l .Ills Ml.l llllllsll.ls 

nil UM 1 ll lO "111 M , M , o 1 

Mis Itldllllll It Ml M MM " I o. I) l\ 1 11 I.l. N 1 U. ol 

r>.>ml IN . 1 , , 1 

J*II takfil IN I SthiNik Slink Ml Alul.Iil I I.l 

\ * II \mm . 1. 1 A ( .' Mlihihi.l ( ll. lllll Ml.l 

UomhiN 

It It I nil. Ilk M A NO, Jl. nil Kll ihlok l>il»oi, 

ill^llNN M 


I ill st Old lid liookst ill kill I. ill (jlliMi), Jl.Ilil, 
Mini.. Ml.l ItiiNN illliidl 

Mo K .1 I. Ill It. ( k 1). I'dt I IpliiiistoiK sin ( t , ( .iniji, 

K II M III 

II. I luhs] I'l . k hill k(M (ll 111 
Jilt sioitliid IhuKst.ilI, t^ii. K.i 
I r M ilhoO i A Co Qiuti i 

) It IN A '"Oils I.T, K .k Jj , J "Inn Mills, Jto.id, 
It INN ilpimh Mid Muik i 

III. S. Ol.l M.l hook I), pot 1 ihol. J ll. kllONN , 
N Mini ll Miissttni D.illiousn \iiilili ( (Mdoii- 
im III 111.1 1). llii 

N h Mithm Mii.ll, Jk,i/ii k.imin lOiulJ’J.ss, 
Mill ll I.l 

III. Noilli Imlii ( liiislnn liait iiul hook SoiuIn , 
is ( liN . it.) Ill All ill ih id 
JtimOiNil \ M NN.il I Is}, Jvalia Alliliilul 
Mini .1 N. NN ll In is|i« 1. hi.ss Jinknow 
ill. I PI . I In. Ill I’uhlisiiin,' Jioiis. ltd, M,Aiiiiii.i- 
I id I U k I Ml kllONN 

It M siinh M (Mtlih '"iiu'h A hoiis, Iilufld I'Am 
1 * 1 . s I ilion iiitl kllaliahad 
It Ml I Ki Jill 1 ik Sons Jt.oksdhrs Anaikali I alu u , 

I’lin li.tlois hooks. Il.is Ml.l J'uMisl I is kal.ii.ii 

It.) oi, I ih.ii . 

III. In iiniK. hiillMilN (o ltd 1 iliou 
III. hlikstho.l h.j. ks)io|i J alioi. 

I Im s| oi.l M.i I . .'ksl ill I ilioii 

III. hiopint.is I'liii) ih hiiiskiit h.'ok J). pot, 
s M Irnith I sfn ( I | iMon 
III. l*nn|i) Iti luious Jt.iok ^oil. t>, 1 Mhor. 

M Ml I M I .1 till linpiiul hook re, Ol ('hlJnmliil 

( llONN k Sfl ( ( 1 I It III] 

III. In.ilMI \1MIN hook l)l]»ol lulu, I INNlipoH 
OnI. I.l 1 . .)k Ml.l St it mm IN ( oi iipaiiN , I >t llii 
''iip.lt kimiM Ml hiptist Missmii I’r.ss, It Mijjto.m 
li.|iMtoi Itan oo I urns hi.ss Itanj'ooM 
ill Mol. HI hill lisIiMi,» Jloiisf J t.l , 30, hllljit 
St n t I In MU' I M 

I III III I 1 ( k ( till* J til It.MU.'OM 

M Ml I . I I ll. llituNud I ikumuii 
I In N li.tlnis hooks.lliis ,iml s,i,iti(im is, ,Sji i- 
I I ll N UplM 

s i J ihik.lii hiojiutoi, Mndinls A (o, looiJi 

h. I M 

III. Vinu.i ( . nIoii Ohs. iN.i koloinlo 
IlnAlMnni I in Indian J.ook islmp, lU mills ill} . 
111. Si iMli|)nl I in (o opiiatiNc 'Liadiiik; Union, Ltd., 
SMN dli| iiM Ml (s ilnr s 1 h ) 

I ll. simh nts I 111(101111111 hatiii. 

I* i^liim M h hia I.l A St ns, hutniiCitN. 

K I M .till! A hr.'s , (,n/ri, haliin t it>. 

^ hi lid. kll hi (it III IS IndouCitj. 

111. llN.kiahid hook D.pOt, ( JiadUKliat, JI}diia- 
h id) hi uan). 



CONTIilNTS 

P\(.i; 

1. Jiitiodiatiun .. 219 

il. M.uifjjo InlloiiSi i‘iiu“ , 220 

III. 1 * 1.111 and Method ol Mud \ ......... 22.') 

IV^ J^heiioinoiioii ()1 Flow ei and I lull Muddling . 22.^ 

V. Man^o Ja^sid Ho))[)ei ........... 21^11 

\ I. h’lowei Mildew ot the M.in;.C() ..... ... 2136 

\ 1 1 . KfF t of IumMu id.d and Funiiu idal d leat nu nt . . ... 2110 

\ 1 1 1. liilliRiue of otlici Kictoison M.uiiio Moati and I luit Mitddiii'^ . 24!1 

I \. (JtiRial (Vuulusioris ......... • 215 


I'LATIOS 

I AO Li 


lldi I. Man^o InfloH s( eiue sliowiii^ late ol e\t IN llowi i ...... 220 

II. LVmpeiatuie ui.ijilis at Fatiu<4iu ... .... 221 

III. The \Ut[t[)L'i {ldi(i< (in'* u(H(isjH(t s(('>) 2113 

, 1\. 'The Idowi i JMiIdc w of the Man^^o ....... . • 2;i6 

. \. \.|)|)eaiaiKe of IiiHoit.'itciiec's With h.id attai k ol tin M iiij.;*) J |n|n>fi . , 2.30 




STUDIES IN THE SITUDDINl} OF MANdO FI.OWFllS AND 

EIIUITS, TART I. 


BY 

V. V. WAGLK. M.Ak. 


(Roc<Mvr‘(l for |)iil)lipat mn <m I2tli 1927.) 

InTIIODI I’I ion. 

The mango is thu prornitM- fruit crop of the Bombay Presichmey and in certain 
districts, notably in Katnagiri and Thana, it forms the basis of considerable com- 
mercialised fruit industry. Tlui whohi status of the industry is nmdered very un- 
(‘(‘rtain, however, by the very great loss of (lowers and fruit which occur# annually 
through shedding. The loss is always very great, but the variation in dilforent 
)<‘ars is enough to mak(* tlie ])ro(luction in some siNisons not mon* than a ipiarter 
to a third of that in others, while in each year, in one area or anotluT almost tlie whole 
ol the crop is lost. 

This loss of crop through shedding of tlowa^rs andlruits, on trees whosii flowMTs 
appear normally, is known locally as ' mango blight ’ and has been attributed to a 
inullitude of causes. In pojiular estimation it is connected wdth the occurrence of 
i.iiny (>r cloudy w’eath(‘r or ol (‘xcessiv(‘ dew' at the time of (lowering and formation 
of fruitsb Its ])artial connection with cerlain species of ya.w/i/ hop])ers (IJiocerus) 
has been considered as ])rove(l 2 a The fre(picnt occurrence of mildew on the 
inllorescences w'hen shedding is going on has beem not«*ed, though the connection of 
this fungus w'itli th(‘ sh(*(iding itstdl has hardly been hitherto demonstrated. Other 
workers •'* have connected the loss with the infertility of a large projiortion of the 
pollen, as a result of vi'getativi* propagation through many generations; and, 
liiially, Popenoe*’ ' has concluded that the problem is a physM)logic.il one connected 
with nutritional conditions, as influenced by changes in sod moisture and food supply, 
principally the former. 

The matter is of sullicient importance to wmrrant a, study of the whole question 
ol the shedding of mango t]owa*rs and fruits on a somewhat broader basis than has 

’ S. M. 'riu' Authr.iciioM’ of tin* M.ingo iii Kloiidi. U. S. AyrI. ihilL .'>2 (1914). 

” li.iUai’d, 10. Alaiif^o lioppoi coiitiol t*\|H*innrnts. Ayn.joiir. oj hnlia^ \ ol. \ 

* ttusaiii, M. A., aiul Piiilhi, II. S. Sonu* to loidrol m.iiif^o luiin'ero. li( pL Vrov, 

JiJnt. Medmy, (1921). 

* \<jto Oil Maiii^o ho|)|K‘r arul Join. M ifsoir Atjn. and Kipt. fhiioi , \ (♦!. Ill (1921). 

’ hv.iu R.io, L*. S rollon steiilitv in ndation to j*io|).ij.Mtion. Jour, Afad/as Ayn. 

(I, non, Vol. XI, Nos. 9 and 19 (1929). 

l*oj)f*nof*. W. The pollniiUion ol .M.injio. If. S. />(/>/. Ayn. linlL ol2 (1917) 

' l*opeiioe, \V. Manual of 'Irojueal and Siih-'rioj»u al rniit.s (1920). 
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bMii^luli&erto done, and tlie author has had the opportunity during the last two years 
^|(ihsjdks to funds provided by the Sir Sassoon David Trustees) to commence the 
investigation of the problem in the centre of the most important mango producing 
urea of the Bombay Presidency, Batnagiri in the Konkan. The present memoir 
brings together most of the data hitherto obtained. 

Mango inflorbsobnoe. 

The inflorescence of the mango has been several times described in detail in 
recent years \ but the main point of importance in the present discussion is the fact 
tiiat by far the largest proportion of the flowers in the inflorescence are staminate 
or male. The inflorescence, in fact, consists of both hermaphrodite or complete 
flowers and staminate or male flowers, and in the variety most largely and, indeed, 
almost exclusively cultivated in Western India on a commercial basis, — the Alphonso 
or Hapuz variety, — the proportion of complete flowers is very small. As all the 
author’s experiments have been made with this variety, the normal position in this 
case may be indicated. 

A very cursory examination of the inflorescences even of a single tree, and even 
when they are produced at the same time of year, shows that the proportion of male 
to complete flowers is very variable indeed. Taking the season as a whole at Batna- 
giri, a study of seventy-three different inflorescences showed in 1926-26 a variation in 
the proportion of complete flowers from 2 to 55 per cent. Ih 1926-27 an examination 
of 319 flower heads showed a variation of from 0 to 30 per cent, of complete flowers. 
We have now to study the fact of this extraordinary variation and to attempt to 
correlate it with other factors in determining the character of the inflorescence. 

From the results of 1925-2^, details are available with regard to forty inflores- 
cences occurring on thirteen trees. A full statement will be found in Appendix I. 
But the figures show that out of forty cases — 

2 oases gave under 5 per cent, of complete floweis. 

0 oases gave from 5 to 10 i)er cent, complete flov\ers. 

10 oases gave from 10 to 20 „ „ „ 

7 cases gave from 20 to 30 „ „ „ 

8 cases gave from 30 to 40 „ „ „ 

6 cases gave from 40 to 50 „ „ „ 

2 oases gave over 60 jH'r cent, complete flowerH. 

In 1926-27, the proportion of complete flowers was far lower than in the previous 
year, and an examination of 319 inflorescences from seventeen trees gave the fol- 
lowing figures — 

266 oases gave under 5 per cent, of complete flowers. 

27 cases gave from 5 to 10 iwr cent, of complete flovers. 

21 oases gave from 10 to 20 „ „ ,, 

4 cases gave from 20 to 30 „ „ „ 

2 oases gave from 30 to 40 „ „ „ 

No oases gave over 40 ijer cent, of complete flowers. ’ . 

^ fiunu, W*» Pra 3 fag, S. H. Notes on the Infloresence and Flower of the Mango Tree. Pooita 
Agrtn Call. Mtmztne, Vol. II (1911) p. 226. ^ 

Po^noe, \V. The Pollination of the Mango. U, 8, Dept, Agri, Bull 642 (1917). 



FLATE 1. 



iMifi'jo inflorescence showing sex and fate of every flower. 
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It 18 difficult to Account for the very great difference between the two seasons, 
and it would seem to indicate some very deep distinction in the weather characters 
at the time the inflorescences were forming. But this deep distinction is not easily 
detected from the records. 

Considered as a fruit producing season, the year 1026-26 was very unsatisfactory, 
being a jrear following an extraordinarily abundant crop. The flowering was very 
late and scarce, and only started early in January in Ratnagiri instead of, as usual, 
in November. The flowering this year was in fair flushes, which were not, however, ^ 
very distinct^ The first and the largest took place in the first week in January, 
and the height of each of the others followed at an interval of about a month. Except 
early in January there was no cold weather, in contrast to the previous year when 
long continued cold weather occurred. Plate II shows this difference clearly. 
There was rain in November and January, which was exceptional but no rain from 
February onward and little dew. 

In 1926-27 the season was on the whole a good one. The flowering took place 
in three fairly distinct flushes in November to December, early January and early 
February. There was no rain during the flowering season, but much dew during 
February and March. 

The following Table shows the rainfall, month by month, in the throe seasons 
ending 1927. 


Table I. 


liaififall at JRafnaqirh 



1<)24 

mm 

1920 

1927 









In 

In. 

In. 

fiinp 








29 24 



July 








H2I 



Aujsust . 








21 17 



September 







8 10 

4 2() 

12 90 


October . 







2 \2 

1 87 

1 37 


November 







ml. 

1 15 

ml 


December 








ml 

ml 


lanuary . 








, 

0 05 

ml. 

tVbi uary 









ml 

ml 

March 







, . 

. . 

, , 

ml. 

April 









. • 

0 Ot 

May 








1 3 

• • 

0 42 


It would seem from this that the large proportion of complete flowers in the 
inflorescences in 1926-26 accompanied an unusually small amount of flowering. In 
1926-27, when flowering was generally much more profuse, the proportion of com- 
plete flowers, capable of producing fruits, was very much lower. There seems some 
evidence that the absence of cold weather discourages flowering, but it is by no moans 
conclusive, 











222 


STUDIES IN THE SHEDDING OF MANGO FLOWERS AND FRUITS 


Two points of interest now arise. Is tlie variation in the proportion of complete 
flowers (hiring the same season due to (1) the indivi<liiality of trees, or, in other 
words, is the variation on one tree less than the "eneral variation above noted and 
(2) the time of the season wlam tlie iidlores((*n(‘<‘s an' formed, or, in other words, 
is the yiroportion of eoTn[)let(* flowers different in the first, second and third flushes? 

The second point may he first considered, and in this matter data can only he 
presented for l!)2()-27. But here the ])roportion of complete flowers in the inflores- 
cences of the diffenmt flushes found by examination of a large number of such 
‘inflorescences was as follows : - 

Table II. 


Proportion of complete ft omr^ iv differoit Jlnshes 1926-27. 


Flush 

Numher of 
iuflo»x*.s(*(uu <‘.s 
evamiiK'd 

I’auiiO of 
\ aiiation 

Av(‘rauo 

Ist fluah ...... 

1,19 

])or vfut 

0 to 1.1*1 

per ('(‘lit. 

I*;! 

2ud flush ...... 

SO 

0 to 34*9 

7*0 

.‘Ird flush ...... 

SO 

0 to :{0-2 

:i*i 


The jHoportion of flow^er neads with diflVrent ])erc(;ntagt;s of complete flowers in 
the inflorescences is shown in the following table. 


Table I FT. 

Pro'portion of Jhorer heaila with diffe ent pereentatjes of complete flowers, 19' 6-27, 


Fercont.i^^cs of cotuplctc Uoucrs 


Fust flush 


0 0 to 0*2.1 
0*2.1 t<» 0*.l 
0*Jl to 1*0 
1*0 to l-.l 


"r 

:!|J 

••tl 1 


\l ■NIIIKK oi' INDIVIDlIAhS 


llu.sh 


1*5 to 2*0 
2*0 to 2-.1 

2*.l to :i-o 
:10 to 4*0 
4 *0 to 0*0 
0*0 to 10*0 
10*0 to 14*0 
14-0 to 20*0 
20*0 aiul a 1 ) 0 VO 



'Ihird flush 


21 


i:i 


27 


.1 

0 

4 

I 


i.iy 


so 


so 


These figures would suggest that the proportion of complete flow^crs is likely to 
he higher .in 11h‘ second flush, that is to say, in the middle of the flowering season. 
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han in the first and third. Tliis conclusion may be consid(*red, however, as vr^ry 
<‘iitative. It may be noted tliat the inflorescences of tin* first flusli wcn‘ V(‘ry lar<<e, 
iiiich larger than the later ones. Thus the average number of flovvers (complete' 
ind staminate togetlier) in tlie flowerheads of the' first flush was (>,11)1 (fremi a 
,|uelv of 20 fl(>wer heads), in tlmse e)f the sece)nel flush was 2,435 {fre>m a study e)f 
0 fle>\\e*r heads), anel in the)se e)f tlie thirel flush was 2,()80 (again fie)m a stuely 
)f 10 (lower heads). It is, therefe)re, pe)ssible that in lai'ger fie)werheaels thej ])ro- 
)ortion is likely to be low irrespee'tive of the flush, anel that the* le)vv pre)pejrtie)n in 
he first flush is likely to result because* the fle>\\erhe‘aels e)f that flush are 
isually large. The ave'rage*. pre)portie)n e)f e"e)mplete fle)wers in infle>re\se*enevs e>f 
lillereut sizes, taken freem all the flushes, was as fedle>ws in lh2()“27. 


ol.il numbed’ of llowrrs jmm iiilloirscriK r A\eia<i(* ]U()|K>r- 

turn of i •Jinplrte 

Ik'low 2,000 . . . . . . . . . . . . in jH I ifiit 

2,000 to ;,oo(‘ :m7 .. 

‘T ,000 to (5,000 2 to „ 

(5,000 I o S, 000 l olt ,. 

()\(‘f H,000 lot.. 


These figure's certaiidy suggest that the large fle>w(‘rheaels do have* a smaller 
:)i()])e)rtion of ce)m{)lete flowers, and it may be ne)te'eL in [)assirig, that this agree's 
Aith the*, opinion of the mange) growers, who le)e)k upon large* inflore'see'iice's as large'ly 
barnm. 

As regards the indivieluality of the* difl’erent trees in the* matte'r of the* pre)pe)rtie)n 
)t ce)mplete flowers we have re‘(‘ords from a number e>l fle)we*rhe*ads eut se'ventee'n 
tie‘(‘s. Eight of the'se are freim trees whie'h chie*fly fle)\\e‘reel in the* first flush, and 
nine* fre)m fre*es which gave its prine ipal creep in the* se'ceenel anel tliinl fliishf's. The 
e>lle>wdng are Ihe results tree* by tree*. 


Taulk IV. 


Proporfion of rowph^fc Ifoarrs on dUfervht frees. 


Numlet'r of tivos 

Numl>e*r 
<»l Ho\v<*ih 

in.Ke LNJ’AC.l. Ol- (_( 

Ha line 

1 1. hl.ow 1 Jt'' 

A\(*im^<‘ 



IVi eenl. 

IVl KMlt. 

/. Ma 

in floweniKj in / 

s/ jliish. 


1 

4S 

O'O t(» 4 0 

1 tl 

•> 

S 

01 to 21 

0 0 

a 

24 

U'O to 2 7 

1 1 

4 

I(> 

0.7 t«» lS-2 

.') .7 

o . 

1(5 

0-0 in 21 

0 s 

(5 

22 

0-0 \n 20-2 

2 0 

7 


t>-4 to 7-2 

•> . 

S 

24 

0-4 t<» 2(5-2 

.7 .7 
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STUDIKS IN TlfE SHEDDINCi OP MANGO FLOWERS AND FRUirS 


Table IV contd. 



Number 

PkRCENTAGK ok rOMlLKTK JLOWi-Rs 

Niim})er of trees 

of flower 
e\aiTiine(i 

Range 

Average 

II. Mniii /I. 

(1 

)weiin<j in ‘iml t 

32 

itnd 3nl Jltish, 

per cent. 

0-0 to 7*1 

per cent 

1-7 

HI 

JU 

O-l to 27 o 

(i*2 

n 

HI 

I-O to (i-S 

:{*4 

u 

Hi 

0(1 to ms 

.MMi 

la 

Hi 

leo to .'ll-}) 

4MI 

14 

Hi 

1 0 to 30'2 

m:t 

15 

S 

1*5 to IM 

(i-7 

lU 

8 

(rU {n SMI 

21 

17 

S 

11- 1 to 1-3 

27 


AVlieii wo compare these figures for individual trees with the general rangt3 lor 
all flowers of each flush taken together (Table III) it is seen that the range on one 
tree may be nearly as great as for the whole of the inflorescences on a number ul 
trees and hence it cannot bo considered that a large proportion of complete (lowers 
or I'ice rersa is characteristic of particular trees. 

The number of complete flowers in any iii'lorescence represents the maxiiniini 
possible fruit production. But the actual fruit production is, under any circling- 
tanccs, very small in relation to the number of such flowers. In country seedling 
mangoes the number of fruits may go to eiglit or ten per inflorescence, but in the 
Alphonso variety, the maximum the author has ever seen is five ripe fruits per 
infloresceaice. This number is, however, very rare. Four fruits per flow(u* head 
is unconunon, and three not very frequent. Most inflorescences produce not morv 
than one or two. And yet the proportion of floweis fertilised is very large and lle‘. 
number of fruits actually formed is from four to twelve times as many as the number 
tiiat finally mature. The actual figures from a detailed study of seven flowerhead^ 
1925-20 and of twenty flowerheads in 1920-27 gave the following figures. 
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V. 


Proportion of complete jUtnrrs shed in different stiujes. 


- 


l!)2(» 27 

FIivwerlK'iuls oxaiui nod ...... 

7 

21) 

Total cojiiidctc' fUmors in Ijoads 

1 ..V,S 

2,i:>l 


Pn (cnt. 

l’<‘r . out. 

lT’o[)<jrtion .shed before fiMtilis.ition .... 

as - 1 


I’ronoition .slied just alter teildis.nioii . , 

.')(»• 1 

1 1 

l*ro|)(H‘tion .shi'd Ixd'ore fruit is of tla* .si/o o| .\ in.ul^lo 


It) 

l*i()|>oition sl)(‘d at l.iter stajie ..... 

n s 

()•!) 

Proportion lormiiej; matmo liuits .... 

a s 

(1 a 


It is to 1 Ih‘ study of tli(‘ caiiM's ot this (‘nonnoiis amount ol slaMldinn that tlu^ 
n‘niaiii(l(‘r <d’ tla* pri^^imt numioir will bo (h^votod. 


V\j\^ AXI) MKTIIOI) Ol’ STUDY. 

Startiiiii; w'ith tlio id(‘a t]iatth<‘ sli(‘<ldini; of tlowams andfniits mii^lit lx* dm' (dtlu‘r 
w holly or part 1\ to ( I ) manyo y^^-s.svf/ hopp(Ms. (2) iriild(‘W',('>) r.iinv and cloudy W(‘athcr, 
(I) (‘X(‘(vssi V(‘ d(‘W and (5) lack ol avail.ibl<‘ pkmt food. obs(‘r\ at ions w'(‘rc nunic in 
oi’d(n‘ to find out th(‘ relation of th(‘s(‘ ddlcicnt c,ium‘.s to th(‘ j)h(‘nom(M)on niahn* 
study and (‘xpiM'iincnts W('r(^ planned to examine tin' (died of (xndi of th(‘s(‘ indivi- 
dual fjidor s(‘})arat(dy. Mon‘ attrition has Ixam paid to tin' hist tw'o factors, 
iianudy, mildew and j(!,ssid hoppm’s. For stiidyinu; tli(‘ natnni (h‘ tln‘ (lowt'rs, th(‘Y 
W(‘n' cand’ully examiiKnl and a record of th(‘ --ex of tin* llow(*rs in all the llowvrln'jids 
has b(*eii kept. For tin* study of Jdssid hopp(‘rs and mildi'wx s(*\(‘n s(ds of tlowx'r- 
h(*ads w’ere treated as describt'd l)(‘low^ and th(*ir behaviour noted from tinn* to tinn*. 
d\‘u llow(‘rh(*ads oidy could be treated duiin'4 tin* first yi'ar and forty duriny tin* 
S(‘cond y(‘ar in each set ol the experimi'iit. Flowi'rlu'ads for t'ach nu'thod of 
in'atiuent wanx* in most of t he cas(‘s select(‘d from t In* sann* t !•(*(* and (‘V(‘n from I In* 
saiiK* branch. 

1. Under open conditions, with no tn*atment. 

2. Und(‘r open comlitions and sj)rayed wdth Fisli oil I’osin soap to kill hop- 

|)ers ; but not spray(‘d for mihhiw. 

5. Under op(*n conditions, and sprav(‘d against mild(‘W with Ihnxli'aux mix- 
ture; but not spray(‘d as»ainsl hopp(‘rs. 

A. Und(;r open conditions and sprayed with a niixtun* of Fish oil soaj) and 
Bordeaux mixture to destroy both hoj)pers and niild(*w'. 
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6. Bagged to exclude hoppers and no other treatment. 

6. Bagged to exclude hoppers and inoculated with hoppers. 

7. Bagged to exclude hoppers and inoculated with mildew. 

For studying the question as to whether the loss of flowers and fruits is brought 
on by insufficiency of plant food or water, manuring and irrigation experiments were 
also conducted and these plants were also kept under observation. 

With a view to find out what liappens to the numerous flowers, appearing on n 
flowerhead, a large number were kept undcT close observation. The shed flowers 
and fruits from all the flowerheads under treatment were (‘ollected every alternate, 
day during the first year and once every week during the second year, from the bags 
in the case of the bagged flowerheads, and in big tin funnels, provided with cloth 
bags at the bottom in the case of the o])en flowerheads. After a careful examination 
under a lens, the flowers and fruits were separated and classified according to the 
siz'' and cause so far as this could be made out from the external symptoms. Those 
for which no explanation could be given were classed as unknown. 

Besides weekly notes were kept after careful inspection of all the flowerheads 
as regards the extent of infection of hoppers, mildew, etc., and also the setting of 
fruit. These were compared from ime to time with the actual shedding from the 
different causes. The results of various methods of tn^itnient will be detailed later. 

Details of the method of treatment. The work of the first year having started very 
late, flowerheads of the first flush could not be taken up for treatment. But of the 
t<m taken, five were from the second and five from the third flush. In the second 
year, out of the forty flowerheads, twcuity were from the first flush, ten from tlu^ 
second and ten from the third. 

Sprayings of Bonleaiix mixture (5*5*50) and Fish oil rosin soap solution (1 
cent, strength of the soap manufactur<‘d by the ({ov<'rnment Soap Factory, (\ali(‘Ut, 
was used during the first year, wliile during tlie second year 1 jmt cent, strength ot 
the soap ])re])ared by the Dharamsi Morarji Chemical (V)., Ambarnath was fouiul 
quite effective) and a combined spray (»f both in the same pro])ort ions were given 
(luring the season to the n*spectiv<* series according to th(‘ recjuirements till the fruits 
had developed. The dates of the sprayings are as under 

Taulk VI. 


Dates of spraijimj manijo trees. 



19 





1920-27 



No. 

Second flush 

No. 

i'hird flu.sh 

No. 

First flush 

No. 

Secon<i flush 

No. 

'riiird flush 

1 

2r»»h Fell. 

1 

:lrd March 

1 

nUh Hoc. . 

1 

1.1th .Ian. 

1 

5t,h Fell. 

2 

Hth Mai oh 

2 

17th „ 

2 

2lst „ 

2 

21st 

2 

nth 

5 

17ni‘ . 

1 

24th „ . 1 

a I 

27th „ 

;t 

ai.st „ 

a 

21st „ 

4 

2401 „ . 
«th April. . 
null 


Sth April 


701 Jail. 

4 

iruh Fell. . 

4 

.‘{rd Maich 

5 

a 

J 

nuh 

ft 

22ii(i „ . 

.'i 

Ilnl March . 

5 

I7tu „ 
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Mildew was inocu'ated first by preparin*^ a mixture of spores obtained from 
scraping already affected flowerheads in water and applying the same to the healthy 
ones with a brush. Later on it was found that inoculations could be done more 
conveniently and effectively by vigorously shaking affected flowerheads just near 
the healthy ones. The dates of the inoculations are given below : — 

Table VII. 


Dales of mildew inoculations. 


192; 


192fl-27 

Second flush 

Third flush 

Fii-bt flush 

Second flush 

Third flush 

21th February 

3rd March 

30th Decern b(‘r to 

l()th and 17th 

1 Ith Fcbruaiy. 


1st January. 

January. 


The hopper inoculations were carried out by letting small nyiuplis of ]io[)pers 
of the species {Idiocerm nkrosiuirsns) the predominent species found in the 
Konkaii on the flowtirhead and repeating the inoculation from time to time as they 
flew off after hatching into adults. The details of the inoculation > arc as under 


Table VIII. 

Dates of itwcidal ions with Jassid hoppers. 



Further, some trees were either wholly or partly sprayed with Bordeaux mixture, 
Fish oil soap solution and a combined spray of both Bordeaux mixture and Fish 
oil soap to destroy the natural mildew and hoppers. Control was kept on the same 
tree or on the adjacent one. The number of flowerheads that aj)peared on each of 
these trees was counted, so also the number of fruits harvested. 
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STUDIES IN THE SlfEDDlND OE A1AN({() FLOWERS AND FRUTJS 


(Viitaiu experiments were conducted to see if tlie blight be due to want 

of food supply. The manures were given in two doses in February and March 
during the lirst ytiar and in September and December during the second year. 
The details of tJuj manures is given below. The (juantities are per tree. 


Table TX. 


Miuntrial ircahtieals used. 



C.I2 



1 

1st Domj 

J 

2m) DOiSK 

isr Dosi] 

1 

2ND J)(3SE 

N.'inu' of ni.'iiiiirc' 

(Jii.ni- 

lity 

1 Naim* of jiiaiiun* 

Oii.ia- 

nty 

Name of iiiaiiuio 

Quan- 

lit,y 

Name of manure 

Oinm- 

fcitv 


11). 


11). 


11). 


Ih. 

Siilpliafo of 


Sulpliato of 1 

li 

(D Hone super- 

« 

(1) Hone super- 

t 

.‘iiiiiuoiii.i 


.imnioni.i. 


plio-xplialo. 


phosphate. 


JUau* supi i-iilioi>- 

0 

Hon* Mi])i 1 i»lio.s- 

1 

(2) Jioiip .super 

() 

(2) Hone super- 

t • 



piialo. 


I)ho>pha(e and 


phate and 






mff.)t‘* ol soda. 

1 

nitrate of soda. 

; 





(.{) Ilom siiper- 

() 

(.j) Jlone super- 

1 





]»lioHph.i(c, iiif ral( 


phosphate, nitra(( 






ot ^.od'i and 

1 

of soda and 

; 





sulplialc of 


sulphate of 






potash. 

1 

put.ish. 



The trees \N(‘ie irrigat«*(l with nearly one aerii-ineli of water every week from IIk’ 
time of Die a[)plieation of the manure to the middle of A|)ril ; other tre('s being watmvd 
for com|)arison . A r(‘eord of t]i<‘. flowerlieads and the number of fruits was k(ij)t 
in each ease. 

JhlENOiMENON OF FLOWER AND FRUIT SIIEDD1N(J. 

Figures liave aln'ady givmi whieli indicaU‘, for a numlxu’ of conij)le1(* 

llowawiieads, tlie actual loss by shedding at dilTerent stages of tlu^ develo])inent ol 
the inflorc'scenee. These show' that in the two years 2)8- 1 and 52*5 j)er cent, 
])ectively of the complete llow(‘rs sJied belon; h'rtilisation, and 5()*J and 11* ;i iM'i 
cent, almost immediatidy after fertilization bidore tli(^ fruit was the size of a sumII 
marble. Thus in both years 1)1*8 jxT cent, were shed in these early stages, leaviiea 
only 5*2 per cent, of tie* complete llowiu’s to develop fruits which even reached the 
small size indicated. 

It is now nec(‘Ssary to stmly this plienoriKmon in more d»itail. 

The shedding of the unfmtiliztMl (lowers geru'rally b(‘gins on the fourth day alter 
the i)pening of the ilower and of tin*, leatilised ones after a wa;ek or ten days. D 
the slied llowers and Iruit arci classified Aveek by week, it is noticed that the sheddiiig 
iiR*reases u])to the fourth week and then it gradually falls off. This can be seen 
from the accompanying table in which ligures arc given calculated for ten thousand 
complete flowers. The ligurc.s are ordy givam for the tliird Hush of 11)25-20, wheii 
there were no jassid hoppers and little mildew and for the lirst flush of 1926-27 
when there were no liop^iors and practically no mildew was detected. 





Floirers shed at different starjes 
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Total . 3,907 3 3.59^- 2 003 9 2b7 U S8 3 110-4 .. Tot^L . 5 346 30 2,39S 86 1.729 39 241 63 162-68 65 27 27*93 
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HTUJ>IE.S IN THE SlIEDDlNO OF MANGO FLoVvFIiS AND FRl ITS 


In or(l<‘T to form an idea of the age of the shed fruit, measurements of a numix 
of ^rovvinjjj fruit W(;re kept from tlic time of the fertilization to the time of the liarvch 
It was observed tliat the truits wliieli are going to shed, gradually slow down 
growth a few days Ix'fore shedding and ultimately stop growth altogether, dry i 
and fall. The following may roughly be taken as the rate of growth of a health 
fruit. 

Table XL 


Batr of (jrouili of a licalthf mnwjo fruit. 


111 

Si/c in cm. 

Average rate ot 
growth ])er da^ 

llhMAKKS 

1 . 

01 


Uiiferlilibcd. 

.3 

0*2 

002.3 

Fcrtilihcd. 

9 . 

0-4 

0*05 


17 

0 S ! 

0*0 “> 


. 

1*.) 

o-os 


97 . 

;lo 

0*J9 


.3.3 . . 

.‘i'.'i 

0*11 


SI . 

7 r> 

O-OS 

Alatnn- fiuit 


With a view to ascertain the immediate causes ol shedding so far as could l> 
det(ict<‘d Irom tin* ext(urial symptoms, the shed forms wv.iv subj<»cted to a caicli, 
(LVJiminat ion with a hand lens ami c(‘rtain obvious synijitoms such as mildew, bl.c k 
spots etc., W(*re noted. Thostj which could not be accounted lor were class(‘d ,i 
unknown. The following table gives the results of such a study for the three fludu* 
on untreated ti(‘es in lb2t)-27. 


Table XII. 


Edlerual sj/mptomu of shrd flotrcrs mtd fruits. 


Flush 

! 

'I’nt.il 
IIUIIiIm I (>i 

1 <)inj»lctc 
Hnweis 

A< '1 l \L 

I’l.Kl KNTAGi: 

with 

inihlcw 

with 
hl.u k 

.spots 

Un- 
know n 

With 

mildew 

With 
hlcU k 
sjiol.s 

In 

know 11 

1 

Fust 

2,151 

95 

10 

2,070 

1*02 

1*85 

tM.-JJ 

Sc( niul . 

1,204 

112 

11 

l,!0S 

1 

11*29 

0*87 

S7»" 

Thud . 

S52 

1 9S2 

7 

402 

I 44-S9 

0-82 

1 ol 2- 
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It will hi', seen from this that tho siioddinji; of a very lar^e porrentage cannot be 
(•counted for by any obvious external appearance. Tliere is a large percentage oT 
niihlew alfected forms in the third flush only when there was severe mildew attack. 
The mildew went on ineniasing from flush to Hush. Nothing has been so far ascer- 
t. lined as tf) the nature of the black spots on the very very small fruits which appeared 
III certain cases to be associated with tliis shedding. The nature and action of the 
mildew will be considered later. 

In planning the experiments which have already been indicated, it was originally 
.siip[)()sed that the treatments to be used would themselves exert little or no direct 
elfect on the falling of the flowers. This has proved not to be the case, and the 
hludy of the bagged flower heads in particular has been very instructive in this 
conn(‘ct ion. 

Taking llowerheads wliich W(ue enclosed in muslin bags before the flowers 
ojHined, thi‘. loss was very much greater than with flowers of the same trees exposed 
to the air. The number of llowerheads evamim^d was 7 and 10 respcM-tivcly in the 
unbagg(*d and bagged seri(‘s in 1025-21) and 20 in both cases in M)2fl-27. 


Taule Xlll. 


(^onijuyrisoH of ^hc<l(ltH(/ in Inhifijed and nnba<j(jed Jlotverhrads. 




2(> 

1021) 27 

I’nlMfiucd 

Onjiued 

I'nt.wja'd 


i»l l ( I n|»cil<'(l . 

1 

2.241 

2,151 

()50 

1*< l( (Mil shed 

:is- 1 

r>4 (1 

r.:i 5 

S7 (> 

l\ .i<t( 1 Icililizatioii 

oos 

4^i S 

u\ a 

J2a 

I'cm’IltdLiC ‘»1 ll|(Ml('(l 

o-s 

0 2 

0’2 

01 


ddiese ligures show how bagging interferes considerably with fertilization, raising 
tlie ]M‘rcentage of comjihde lIoN\ers, wliich were never fertilized from r38-l to 51-0 
111 1025-20 and from 52*5 to iS7*t) ])er cent, in 1020-27. The ([uestion of the activity 
o( the wind and of insects on the ])oliination of the mango flower is one which has 
been much discussed, and in the jiresent case the eflect of the wind is reduced and 
that of insects wholly excluded. 

Of the flowers which are fertilized, these figures gave no satisfactory evidence 
a'' to whether the bagging, that is to say. the absence of air movement and of insects 
rauses shedding. In 1025-20, the proportion of flowers which fell after fertiliza- 
tion was larger in bagged flowers than in the open. In 1020-27 the opposite was the 
‘ase. The actual proportion of fertilised flowers which gave mature fruits in 1025-20 
Was 1*25 per cent, in the unbagged heads and 0-5 per cent, in the bagged ones. In 
1020-27 the corresponding figures were 0-0 per cent, in the open inflorescences and 
I 25 per cent, in those contained in muslin bags. There is, therefore, no evideu33 
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that absence of air movement or of insects has any special disadvantage, attci 
fertilization has been achieved. 

The effect of spraying the flowering trees with Bordeaux mixture, with Fish 
oil soap solution and with a combination of these two was decidedly interesting. 
We can, in one case, determine the effect of these sprays themselves, for in the Ist 
flush of flowers in 1926-27, there was practically a total absence of jassid hoppeis 
and of mildew. The results, therefore, show the effect of the sprays on the flowers 
themseves, the sprays being ai)plied on dates as follows, while the flush was going 
on ; — (1) December 16, 1926 ( 2 ) December 21 , 1926, (3) December 27, 1926 
(d) January 7, 1927 (5) January 22 , 1927. 

The actual results arc shown in the following table, the figures being from twenty 
heads in each case : — 

Table XIV. 


BJlfecl of spruffs on sheddimj in mantjo jlowers. 


Ticdluieul 

C'i»mj)Ii te 
iloweis 
examined 

J*jvoiwJios siuai 

J'lopoitioii 
ol lljK* 
flUlt 

( Defoic 
leitilisation 

(//) Ailej 

lejtihsaliun 



JVi lent. 

J‘t l t( ut. 

IVi 0 111. 

I. Without liealiiioni .... 

2J.)l 

.) 

lo;; 

(US 

3. iSpra^od with Doidcaux inixtuio . 


iu> 2 

;m r> 

0 {J 

9. iSpraycd with Fihli oil lobiii boap 


TkS 0 

11 I 

0 27 

4. Combined apray of (2) and (9)* 

■H 

r>:ca 

1 

0 2(> 


These figures show that the number ol fruits ripened [or a given number of coni 
plete flowers is hardly affected by the sjnaying Irealiueiit . 1 f anything the Bordeaii\ 
mixture seems to have a somewhat boneiicial cdcct, and leads to the rijiening of a 
slightly larger number ot fruits. On tlie other hand, when this sjiray is used, then 
is a distinctly larger number of flowerb wliieli shed without lertdis.ition. Tln‘ 
other sprays seem to have had little effect at any stage of the development oi 
inflorescence. 

Buch being the normal shedding of flowers and young fruits with Aljilioiiso 
mangoes growm at Ratnagiri and the influence upon it ot bagging the flowjers an<l 
of spraying with various materials, the next point is to determiuo the effect 14)011 it 
of the tw^o agents wdiich have been charged with being responsible chiefly for ilx* 
damage, — namely the jimid hoppers [Idiocerus sj).) and the mildew, wliich are s<> 
frequently found in comiection with it. The experiments made have dealt cliicllv 
with the effect on the shedding, of excluding those agents by spraying with materia N 
as above mentioned which exclude their activity. Before describing the results oi 
these experiment, a brief account of these two agents may be given. 


* Only 19 liowerhcdds WQie cx<immed iii thib ca&e. 
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Ma:ncio jassid hopper. 

The mango hoppers have been considered as a very serious ptjst of mangoes and 
he various species of Idiocems have been several times described, the latest account 
H‘iug given by Afzal Husain and Pruthi.* These authors only give an account 
)| two species of these hoppers, namely, Idiocems atkwsoni Loth and Idiocems 
'Itfpealis Leth. In a note to the paper referred to, Kunhi Kannan has indicated that 
i(‘ has worked out the life history of the third species known to bo present on the 
aaiigo tree, namely Idiocems niveosparsus and this last has been found to be the 
Host frequent and apparently the most injurious at Ratnagiri. The notes which 
ollow refer to this last named species. 

The method of studying these insects under controlled conditions adoi)ted, was 
0 enclose a fresh mango flower shoot in a small glass jar. A cloth bag open at both 
‘lids was prepared and carefully tied round the mouth ol the jar at one end. I'he 
lo\Ner shoot was then kept in the arrangement thus made, the otlic.r end of the bag 
jeing tightly tied round the branch producing the flower shoot. Thus Hie flower 
Jioot is completely enclosed in the jar. A fertilized female ailult h()])per with a 
)\\ollen abdomen w'as caught and enclosed in the jar for one night and then removed, 
i'lie development of the eggs was then carefully w .itched fiom day to day. 

'Hie following notes represent the life history as thus w'orked out at Ratnagiri, 
winch differs markedly from that found by Afzal Husain in the Punjab. 

The eggs arc laid in the mid rib of the temler leaves generally on tlie lowin’ sur- 
IcU e, or in the axis of the flowerhead. They are almost eigarshajiod tapering at one 
Mid and slightly round at the other. They are about 1 millimeter in length. They 
li.itcJi in five to six days. The nymphs when hatched are also about 1 millimeter 
in length. The adult at Ratnagiri comes out after 10 to II days. Thus the whole 
life history from the laying of the eggs to the emergence of the adult hopper is sixteen 
to seventeen days. 

Two adults enclosed in the way aliovc described laid fourteen and sixteen eggs 
lo^jicctivcly in one night. They have been noticed to brood at any time of the year 
[iiovidod there is suitable food material for the nymphs in the form of llowerheads or 
Irndcr vegetative shoots. 

The adults of Idiocems nireosparsus arc always found on the Icures of mango 
bees except at the flowering season when they mostly rest on the lloAvcr shoots. 
I’lie same is true of those ot Idiocems clppcalis. But the adults of /. alkinmd arc 
uiustly found on the stems by day and on the under surfaces of leaver at iiight. 
Idiocems niveosparsus is sometimes also seen on leaves of various species of citrus 
liaits. Adults of all the species enclosed in a cage on a mango stem without any 
^eliage inside are found to die within a day, while those with foliage inside are able 
lo live for a long time. This shows that the adults feed on the leaves w^heii there 
uc no flowerheads. The hoppers are very susceptible to high tem})oratures, and 

♦ Piocoodiugs ol tbo Eilili Entomological Meeting, Puba, p. 252 (Calcutta 1024). 
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(lio very (juiekly if kept in a tulxi in tin* sun. Tf kept in a cool place, they are ah 
t(j live for a lon;^ period. ({«n(lens tiiicUy plante(l and witli shade all over, harhoi 
very lar^e nuniliiuh ol th(‘ni and .ire thus more atleeted. 

During th(‘ (lowerin^^ sc^ison both a<lults and nymphs ani found, when ]>rose» 
at all, in v(‘ry Iar^(‘ niimbmN on the inlloreseences, and, in fact, it ap[)ears as if th 
(>j)enin^ ol the (lowers attracts the adult hop])ers from the lealy ])ortions of the tn^ 
Once th(‘^^ they suck vigorously at the stalks of th(‘ intlor(‘s(*(‘nce, 1>oth the rack 
and the stalks ol individu.al lloweis. It is natural th.it by far the ^re.‘it(‘,st daniai 
is done by the nymphs, lor tlu'sii an‘ vmy numm’ous on the llow’er head during tl 
season, as wall b(‘ seen irom the lij^ures ^ivmi above as to the number of e^^s lai 
j)er hopjicr. 

Ihe number ol th(‘ hopjiers pKvsimt is viny vari.il)le. In lt)2o-2t), no e,.\tensi\ 
aj)p(‘arenee ol tlu‘S(‘ iiisiads oiaairred at any time during the season from Kebruai 
when the observations be^ran to the end of the llowerin.L,^ In ll)2l)-27, there wim 
very tew during the lirst two months of the (lowmam; si'ason, namelv November an 
J)ecend)er. Thmi, in January a very lar<^e number apjieared at the time ol tli 
second llusli of llow(‘rs. Tlun'eaftm* they waui^ very much reduced in numlier 
and wiTe litth^ visibh^ during liie third Hush of the season. It tlius ajipears tli.i 
there is considerabl(‘ vari.ition in tin* prevahmee of th(‘ insect from s(*ason to sc'asoi 
and also Irom jieriod to peiiod witliin (‘acli season. II this insecd is the domiiian 
a^ent in causinj.^ Ilowm' and Iruit shedding, tlu* proportion of such shedding shoiili 
be very widely diHenMit in dilTeient paits ol the same season. 

\\ (‘ m.iy, in tact, compaie th(‘ loss at each stai'(‘ on twimty llow'erheads in tli 
lirst and on tmi lloW(‘rhe,ids in tin* s(‘cond Hush ol l!)2<i-27. ddu' lirst Hush to'il 
place in tin* abseiua* ol hoppms or. at most, th'dr pn'sence to a V(*rv small (‘\tciil 
At the time ol the second Hush they weri' piesent in .ibundance while, fortunalcb 
then* w.is \erv itth* mil(h‘W. The diHeiemi* b(‘twi'en tin* n*sults with the liist -iik 
becond Hush m.iv. therehm*. In* |)ut down l.ire(‘lv to tin* hoj)[‘ers. The tii^iir** 
obtained W(*re ,is lollows : 


Zhoy/o/Z/ox oj siml /f<Kni\s, // 



Kt llnsli 

^ 1 i i)|)|>( 1 ,i 1 siMll ) 

2inl 

( M()|»| els |in' eiit ) 

lldwris pMxlu' ' <1 .Miii rx.uiiiiH (1 , 

2,Iol 

1 ,2()4 

rro|)Oiti(>n 

Per i I'lit. 

iVr (eiit. 

a. sIk U Ix’ioio li 1 lilisat iMii .... 

oIV) 

02 a; 

h, slu'd .dtri tci 1 lii^alion . 

lira 

a7-2 

r. ol n}M‘FM d in iMm- font 

l)-2S 

()'2t 
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There is, therefore, remarkably little difference in the total proportion of flowers 
:in(l yourifjj fruits shed du'^ to tlie ])rescnce of the ]iopj)ers. In their presence, the 
pn)pr)rtion shed before fertilization is <^reater, but the actual iiroportion of fruits 
rip(‘ned is oidy about 1 1 per cent. l(‘ss, which hardly su^^ests that th(‘se in>(icts, at 
Katnagiri at any rate, are the princi})al a»ent in causinii loss ot flowers and fruit. 

Direct experiments were, howa^ver, undertaken to deterniine the ed’ect of the 
insects, by introducing^ them into bai^j^ed flower heads, as small riymphs. The 
number thus introduced j)er flower head has been shown on pa^(‘ 227 and varied 
from 100 to 200 in 1025-20, to 225 to 275 in 1020-27. When they Ixu-omc adult 
they w^ere allow'ed to escapcu The r»‘sults on the flower he.ids so treated (ten in 
number) w^ere compared with a similar number ba.i^t^ed but not inoculated, wuth the 
following results 


Tablk XV. 


Elfrct of i)uwo}ati)uj floorer hnnls trifh hoppors {Btif/t/rd /ira>ih). 



I'l ou 1 ns sii 1 1 , 1*1 u ino 

1 OMIM III 1 1 n\\ 1 1 S 1 (>1 Ml 1) 

Ui) iiuits 

p(o ion 


shed 1 « l»M( 
teifihs.ilion 

Shed alti i 

1( llllls.ll lOll 

t omplete 
Ihtweis 


IN 1 < Mlt. 

Pel ((‘lit. 


I IiKMMif.itcd witli hoppers. .... 

m 0 

dsi 

No fruits. 

2. liom li(»p[)(‘rs ..... 

.7t 0 

IT) S 

0‘22 per leiit. 

ia2() 27 

Fit flush 




1 Iiioi ulat(Ml with liopiu’is . .... 

no 1 

n-i) 

No fruits. 

2. Kii'c iiom hoppci'i ....• 

S7-."> 

12 a 

0- 1.7 jier < 1 nt. 

Sk n tiff flush 




1 lniK‘ulai(‘(i w itli lio]t| cis .... 

sn-:i 

P)-7 

Xo fl lilts. 

2. Kut from liopjiors ..... 

S2-.I 

17 .7 

017 per e< lit. 

Third flash 




1 Iiioful.itoa willi hoppers. .... 

71 n 

2.7-1 

Xo flints. 

2 Klee from hoj>])(*rs ..... 

7h a 

2:{-.7 

O-fS por cent. 
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Thfiso flgniras, losulting bom intenuve ind0||w«iiw wanitwH ooppec, aaow tbe 
possible effect of the insect in a leally serious alti(^. fb» j^triatbns were usually 
made by introducing from five to fifty nymphs pet flowerilead at the same time, a 
fterii lot being put in when the previous supply had all become adult. It may, 
thenfore, be taken as proved that the insect can be the cause of the complete loss 
of the mango crop. How far it actually does cause such loss in practice in the 
mango growing area at Batnagiri has already been studied above and will be consi> 
deted further in connection with the treatments designed to exclude its influence 
on a large scale. 


Flower Hansw of the mango. 

The possible importance of any mildew or other fungus in the falling of the mango 
flowers and fruits does not seem to have been fully recognised by previous workers 
on the subject. The fact that a mildew does occur on the mango inflorescence was 
noted in 1921 in Mysore ^ and Fatwardhan lenoarks that the mildew Eryaifh 
ddwraceamm did not appear in a mango garden in Thana (Bombay) in 1925 ^ 
By this it is assumed that this fungus had been detected on the flower heads in other 
cases. The fact that a fungus, resembling a mildew, is often found on fallen mango 
flowers seems, however, to be generally known and it is in fact prominent on many 
inflorescences especially daring the latter part of the flowering season. 

It is not proposed to present here a technical description of the fungus, which 
was identified by the Mycological authorities at Poona as Eryeiphe dchoraeearmn 
D. G. If this identification is correct, it is the common mildew of tobacco, cuciir 
bits and malvaceous vegetables in Western India. As it occurs on the mango in 
florescence, the powdery incrustation shows innumerable hyaline oval spores 
sticking to each other and forming clusters (Plate IV). A transverse section 
of the affected part shows these spores to be borne at the tips of conidiophores 
which are divided by cross septa into two or three cells below the spore. The 
mycelium is quite superficial and none is found in the internal tissues. 

For studiring the different stages of the fungus, artificial inoculations were made. 
Some flowerheads were enclosed in muslin bags and thoroughly washed with dis 
infecting solution of mercuric perchloride (1 in 1,000) which was immediately washed 
off with distilled water. Then flowerheads affected with mildew were brought and 
shaken violently near the disinfected flowerheads so that the spores from the former 
were blown in profusion to the latter. The bags were immediately closed. Then 
scrapings were taken from the inoculated flowerheads twice every day and examined 
under the microscope. The life history was found jto be as follows ; — 

The spores when blown off from an affected area easily stick to the hoity unopened 
flow^^ near the tip of the inflorescence. Thest genh^^die within five to seven hours, 

Xiowtui Uj/mtfAgn. and Xxpt. Unton, Vol. HI, No. I (1031). 
sPAtWardhaB, Q. Er 4**. Agri. Dept, Bombap, 1024-29, Pitfgo 197 (1024). , 
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The germ tube grows and within two days begins to branch and form mycelium. 
The mycelium then spreads profusely on the epidermal cells, which are killed by the 
feeding of the fungus and thus turn brown. On the fourth day several vertical 
bodies begin to appear from the mycelium. These are sporophores. On the fifth 
(lay, the mycelium becomes so profuse and so many sporophores with oval mature 
spores are produced that the whole of the affected surface puts on the characteristic 
white appearance of the powdery mildew. Thus the life liistory from spore to spore 
is about five (hiys. The attack generally begins from the buds at the tip of the 
inflorescence, as these being more hairy very easily catch the spores. Then it 
gradually extends on the flowerhead. Mildew also appears naturally on the tender 
vegetative shoots of the mango but the life history there is somewhat longer being 
about nine days. 

Tn order to find out other hosts of the mildew, inoculations were also tried on 
niirndi and (invar leaves, but the mildew did not appear at all. The mildew spores 
letain their vit.ility for four to five days only and then shrivel up. If kept in the 
SUM vvithoui any moisture, they shrivel u}) wdtliin four or five hours. 

Thi*^ mildew has been ])resent on (he iiiflorest^ences at Ratnagiri both in 1025-26 
and 1020-27, but in both years it was not found on the first flush of flowers, but 
gradually increased in amomil as the season progressed. In 1026-27 when very 
( losed detailed observations wore made, it mav be said tliat it was completely absent 
Irom the flowers until January 1027 <uid even from that time until February it was 
]uesent only in verv small amount. The third flush in February and March was, 
however, very iniicli alt,u*ked with ii, and the variation in intensity noticed enables 
Its (o g(*( SOUK' idea of the d<uti<ige whicli it does. We may, in fact, compare the 
loss in the liist flush (when iieifher hoppers nor mildew were present to any appre- 
( lable ('\t(Mit) wdth that in the third flush when mildew w.is verv much in evidence. 
Hid ho])pers had almost disappeared. Tw^enty llowerheads were investigated in 
(h(» fornu'r, and fen in the latter flush. The results were as follows : — 



inun’ouiioN oi< snu) ff.owi hs 


1st Flnsli 

2rid Flush 

(S)m|)l(‘t(‘ flowius pHMhufd and o\ainm< a . 

{Md<!<‘W ahsoiU) 

2,1 ')! 

(Mddew poNoril) 

Hr>2 

Pn>j)ojtion 

[*<‘1 CPIlt 

IVi (Old. 

(f slu'd Ivfoio fciOlisalioii .... 


()] .*> 

b. sIumI atloi fojtdisatKJTi 

K. 

:is { 

r of ii|K*no<l matim* font .... 

n 2s 

n 12 


Heri' we have, therefore, some, though not conclusive, evidence of the part wliich 
mihhnv takes in the loss of flowers and young fruits, for tlie proportion of fruits 
ripeneil jier 10,000 flcnveis is reduced from 28 to 12 or by 13 per cent. The stage at 
wliicli this increased loss fakes place is better shown by the following figures, which 
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indicates the proportion of the remaining flowers and fruits after the previous loss 
has taken place which shed at the succeeding stage : — 


— 

1st flush 
(Mildew absent) 

2nd flush 
(Mildeu ]>reseTil) 

Complete now6i» produced and examined . 


8.52 

Proportion — 


Per (ent. 

a, of complete flower shed before fertilisation . 


01 *.5 

b, of fertilised flowers shod before fruit is cm. 


0.5*1 

in diameter. 



e. of fruit 0*4 om. in diameter shed before 1*5 cm. 

77*0 

75 0 

in diameter. 



d, of fruit 1*5 om. in diameter shed before maturity 

77*0 

7.5 0 


Thus it is quite clear that the loss due to mildew affects the flowers before fertilisa- 
tion, and the fruits in the youngest stages. If these latter reach 0*4 cm. in diameter 
the mildew can do them no further harm. In the early stages it does seem to be a 
very important agent in increasing the loss of flowers and young fruits and so seems 
of great importance. 

Direct experiments were also undertaken to determine the effect of the mildew, 
when introduced into bagged flowerhoads, as described on page 227. The results 
on the flowerhoads so treated (t<»n in number in 1925-20 and 40 in number in 1920-27) 
were compared with a similar number bagged but not inoculated, with the following 
results. 

Table XVI. 


Effect of inoculating JloiverJieads with mildew {Bagged heads). 


— 

KloWKKS SUM) PKll 100 

I UM I'LL lb iLOWLltS liOltMLJ). 

Ripe KiuiN 
pel 100 
eompleto 

Shed botoK' 
foilili^alioii 

Shed allei 
tortihseition 

1020-20 



IVi ooiit 

IVi (('lit 

Pol lent 

1 . fiiooluted With luildow . 



00 1 

33 S 

0 10 

2. Not inoculated . . « 

• 

• 

.74 0 

40 8 

0 22 

1920-27 






Fmt fia^h 






1. Inoculated with mildew . 



87*9 

12*1 

No fruits. 

2. Not inoculated 


• 

87*,) 

• 12*3 

0*10 

Second Jluih, 






1. Inoculated with iiiildow . 


, , 

80*0 

14*2 

0*12 

2. Not inoculated 


• 

82*3 

17*0 

0*17 

Third flash. 






1. Inoculate 1 with mildew 


. 

91*0 

8*5 

No fruits. 

2. ^ot inoculated 


* 1 

1 

70*3 

23*0 

: 0*18 


















PLATE V, 



Apjietjrancc of in llintsccnccb nith bad atlack of the inan^o jassid hop] ef. 
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The uninociilated flower heads were not always entirely free from mildew, but 
they always, of course, had much less of the fungus present than the inociilited 
flower heads. In the first flush of 192C-27, mildew was entirely abs(‘nt and in the 
second flush it was only present in very small amount on the non-inoculatt'd heads. 

These figures, resulting from intensive inoculation with the mildew, show the 
effect of the fungus in a really serious attack. Under those circumstances, 
it will be seen tluit, even excluding other influences causing loss of fruits, th(‘ mildew 
was capable of comph‘tely destroying the (Top,- as occurred in the first and third 
flushes of 1925-27, or in other cases of reducing it by one third (second flush of 1 926-27), 
or by more than one half (1925-26) in two s(*parate cas(‘s. 

Effect of ’NSecttcidal and fttnoktdal treatment. 

The methods designed to keep off the attacks of the jassuJ hop])er and the mildew 
above described have been already detaiknl (Page 226). They consisted of 
repeated sprayings with either Fisli oil soap solution (against th(‘ hoi>p(T) or 
Bordeaux mixture (against the mild(‘w) or with a mixtun' of both these. 

The efficiency of these treatments was not complete. Ho far as the hop])ers w(T(* 
concerned (*ach spray wdti the fish oil soap solution completely destroyed any 
nymjdis of the jassul ho])per wliich w^cto on the inflor<‘sc('nc(*s at the time and eithcT 
killed or drove aw’ay th(‘ adults which were pr(‘sent. Within three or four days, 
how’(*V(T,— when the insect w^as abundant,- a few nym])hs wttc again noticed. 
This numljer tended to increase, and before the time of tin* next spraying, which 
oc(Jurrcd during the second flush at intervals of from eight to fifte(‘n days, the 
nymphs were again fairly numerous on the Aowtt heads. Naturally, as the inflores- 
cence becomes inon* mature, it becomes more and more difficult for the ins(*ct to 
lay its eggs in the uuhi,s and in the branches of the inflorescence, and so if spray- 
ing is vigorously dom*, n^peatedly, wlieii the flow'er heads are young, the numbcT 
of nymphs ultimately louiid on the head is materially reduced. But, though the 
treatment was rc])catcd so oltcii, the flow<T heads w'(*re not maintaim*d an) thing 
like free of tlw jassid h()j)jjers during th(‘ flowering. 

A similar position is found with regard to tin* mildew. Tlu‘ tungus attacks 
chiefly, if not entirely, the wiy young parts of the flower head af lh(‘ tip of (*ach 
1 ranch of the inflonvsceiice. If it is then sprayed with Bordeaux mixtiirt*, the 
mildew is killed, but rapidly icaj^peais on poHions of the inflorescences which arc 
subsc(iuently foimcd. Ho that frcsli s])raying is really retjuin’d at v(‘iy short in- 
tervals. Ho that the luw grcjwth may be jirotected before the inikhwv has turn* to 
uLtack it. Tliis is not, ot course, ciitiicl)' possible and i(*]jcatid spiayings at int(Tvals 
ol from seven to fifteen days is the b(\st that is practicable. It must be lecognised, 
how’ever, that the treatment doexs not (‘iitircly prevent n ildew' luit it ceitaiiil} 
reduces it very largely. 

The actual results of these treatments can be best judged by the figures obtained 
with tie ted flower heads in both 1925-26 and 1926-27. In the first year no h()j)pcrs 
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were found and hence the comparison in that year is as to the effectiveness of tlip 
treatments in preventing loss by mildew, or by other unrecognised causes whicli 
accompany it. 


Table XVIT. 


Effpcl of treahnenfs in presence of mildew only^ 1925-26. 



Flowers sued per lUU 

COMPLETE FLOWERS FORMED 

Ripe fruits 
per too 


(Shod Ixdore 
fertilisation 

Shod after 
fertilisation 

complete 
floM ors 

1. Without i real jnent ..... 

Per cent. 

.38* t 

Per cent. 

(i9*8 

Per eeiil . 

0*77 

2, Spra><ul with Bordeaux mixlurc 

12*9 


0’9:) 

a. (Sprayed will’ Kisli oil aoap solid ion 

48*8 

r>o*7 

0*47 

4. (Sprayed with comhinod spray 

49-1 

50-fi 

0'2:i 


When, therefore, these sprjxys are used in the presence of mildew, they all eausr 
an iner(‘ase(l loss of shedding before fertilisation and this would ptThaps not 1 m' 
unexpected. Th(» loss by shedding after fertilization proved itself greater wherevt i 
Fish oil soa]) solution was used. Taking the percentage' of loss on the arfiud foin / ^ 
fertilised, the figures of shedding weTc as follows : — 

INt cent. 


1. Without (rc.Ginciit {)8-7 

2. Witli liordcMiix ini\tun* ......... 1)8*4 

a. With Kish oil solution. ........ 90'2 

4. With coin hined spray 99*4 


The difference* is not, however, very great, and the real cause of the elifference in 
the number of fruits rij)ene'el is the difterene'c in the loss before fe'rtilization— 
except that the untreate'd flower heads, which lost relatively less before fertiliza- 
tion, had a larger loss afteT this hael taken place. 

Tn the second year (1926-27) there was })ractically no mildew on the second flush 
and hence we have nu'rely to consider ^he ('fleet of the spraying treatments in tin' 
prest'nce of tfassid hoppers. This is shown in the following figures : - 
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Table XVIII. 


Effect of treatments in presence of hoppers only, 1926-27. 



i 

1 Flowers .SURD PER 100 

f’OMPLfcTK bLOWERS FORMED 

i 

Ripe fruits 
lier 100 


.‘^hed before 
fertilisation 

Shell after 
fertilisation 

toinplete 

lloweis 

1. Without troatmont ..... 

Per cent. 

020 

Per cent. 

:17 2 

Pei cent. 

0 21 

2. Sprayed with Bordo.'iux mixturo 

72 5 

27 a 

0 24 

a. Sprayed with Fish oil soaji solution . 

OOo 

301 

0 30 

4. iSprayed wdth lombinod spiay . . . . 

7P7 

250 

0 23 


Here, therofoTc, when these sprays are used in presence of hoppers only, that 
is to say, when the insects are partially suppressed during the flowering -tin* effect 
of all the sprays still shows an incn'ased shedding before fertilisation. It would 
s(*em, in fact, that all the s])rays when used with flowers which have' w(Mik(M)ed 
by the in.sects, cause a greater number to drop off before they are b'rtilised. 

After fertilisation there is less shedding wh(‘rev(T the materi.d (Kish oil soap 
solution) which is .supposed to che(*k the hoppers is used, as is .shown by t.iking th(‘ 
percentage of lo.ss of actual flowiTs fertilised as follows : - 

P(‘l tiMll. 


1. Without troatiiu'iit .......... ‘.MCI 

2. With Roideaiix mixturo . IM) I 

a. With Fish oil soaj) solution ........ ‘.)S-7 

4. With (otn binod spr.u J>S 7 


The increased shedding of the unfertilized flowers more than neutralises A\ith ihe 
combined spray, the advantage gained with tho.si' fertilized and the young fruits. 
With the Kish oil soap solution only, the difference .shows quite clearly in a consi- 
derable increase in the number of fruits ripening. 

We can now consider the effect of the treatments in tlie presence of niil(h‘W only 
by studying the third flush of 192G-27, for at this time the hop])ers had practically 
di.sappeared, while mildew was very siwere. Under thcsi* circiim.stani'es, the fol- 
lowing figures were obtained. 
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Table XIX. 

Effect of ireatwentfi in 'presence of mildew only, 1926-27. 



Ki.OWEUS SllFl) ITil lUU 

COMCIihrE H.OWKHS lOHMKD 

Ripe fruits 
per 100 


Shed before 
feitilisation 

Shed after 
feitilisatioii 

eomploto 

flowers 

I. Without trcMtinent ..... 

Per (eiit. 

Cl '5 

1’c‘i (cut. 
3S-4 

Per cent 
012 

2. Sprayed with Bordeaux mixture 

021 

37-5 

0-40 

.3. Spraj^ed with Fish Oil soap ^ oliition 

571 

42-7 

0-23 

4. Spra\ed woth comliiucd spiay 

()2 5 

37-5 

No Fruits. 


Ihidt'!* these eonditioiis of hi^h mildew attack, without the ])reseiice of hoppers* 
the treatments (except that with Fish oil soap solution, which cannot at present 
l)e accounted loi) s(M‘m to have had litih* eflect on 1h(‘ loss before fertilisation. ]1 
any tiling, the amount of loss at this stage was incr(‘as(‘d as in the ])revious cas(‘s. 

After fertilisation, tliere is distinctly l(‘ss shedding with the treatment with 
Bord(*aux inixtun*, which was used specifically to check the mild(‘W, as is shown by 
taking the percentage ol loss of miual Jlowchs fetfilised, as follows: — 

Pci (cnt. 


1. Without ti(‘<itnu nt .......... 907 

2. With UoKicaux mi\tuic ......... 98’9 

3. With Kish oil solution .... ... yO o 

4 W ilh i oiuhiiK (1 s|)iaN lOteO 


The checking of th(' fungus attack, when tliis latter was very active, has led in 
fact to raising th(‘ proportion of fertilised flowaus which come to maturity by a 
substantial amount. Tlie number has been raised to three times that in the untreated 
flowaTS h(‘ads. The lish oil soap solution, wliether alone or as a combined sfiray, has 
been of much less use, and in the latter case the frhoJe of the fiTtilised flowers fell 
without forming fruits. 

Thes(‘ figures show very clearly the very im])ortant part played by mildew, 
when it is ])resent, in causing the fall of flow'ers, and particularly of fertilised flowers 
and v(uy young fruits. But it is equally olivious that it is not, by any means, the 
chief (‘ause of the fall even of fertilised flowers and young fruits, -and while it 
may reduce the crop from a flush to one third its normal amount, there is an enor- 
mous shedding to account for, independently of any mildew attack. 

But this extra loss due to mildew is of very great importance, and may obviously 
make all the difference between a profitable flush and one which is a financial failure. 
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So far the troatmoiits dosrribed were a])|)lied to a number of flowerheads whieh 
were separately ke|)t under observation. But at the same time, the treat m(‘nt w itii 
Fish oil soap vsolution was apj)lied to whole trees, half tin* tree* in ('ach eas(‘ bein^ 
kept unspray(‘d. We can thus compare the number ot ripened fruits ])(*r hundred 
llowerlieads on the two lialves of the same tn‘e, and thus a reliabk* measure of 
the efFectiven(*ss of tlie treatment. Tlie results were as follows, tiu* tr(‘(‘s beinj; 
sprayed as fn'queiitly and at th(' sanu* times as d(‘scribed on pa^n' 221). 

Taulk XX. 


Effect of sprmfitu/ whole trees on fruit lipetiitu/. 



N uni 1)01 of 

IH2<. 27 


How(m heads 
on half lire 

Nninhei o{ 

flints 

olitained on 
half til > 

Nninhei of 
of flints 

pel me 

flown lieads 

Fen ent aiie 
Mil lease hv 
ti( atim lit 

/6t tfLl. 





). ...... 

<).“)(; 

1117 

20 (> 


2. Sprajed with Fish oil soaj) solution 

r)ss 

i:)2 

2.7 S 

2.7 4 

'Jnd Ifu. 





I Uiisprajod ..... 

7S4 

1 

22.) 

2S 7 


2 S[)M^>fd with Fi^li oil soa[> solution 

VM) 

J 11 

:us j 

1 1 :i 


Other t(*sts made b} spiayin^ sonu* tiees in a garden and (‘oniparin’^^ th(*ni with 
uns])rnycd tre(‘s in th(‘ sanu* ^ardiui j^ave an incn'ase ol fruits 31 b j ei cent, .md 25-0 
]H‘r cent., res])ectively, tint too much stress should not be laid on tiu'se ti^uies, 
as trees differ so much in their individual ca])a<-ify to bear. Fnou^h lias lx en lound, 
however, to show^ that liy s])rayin^ in tlie manner sii^^ested tliroiif^di tlie lio|)p(*r season 
at Ratnaj^iri, tin* number of ripein'd fruits can lie increasi'd by Irom 1 I to 25 ])er 
cent, and j)Ossibly by more than this amount. 

Influence of other factors on manoo flower and fruit sueddint;. 

As already stated, the ])opular idea is that the loss of man<^o flowa*rs and youn^ 
fruits is much increased by cloudy, wet, or dewy weatluT rluring the tloweriiu^ sc'asoii. 
H(‘ncc an attempt w^as made to see how the tall of How’cts and young fruits was 
affected by excluding any rain or dew' which might fall on the infioresc(*nces. To do 
this, five flower heads during 1925-25, and ten flower heads duiiiig 1925-27 were 
protected above with a glass plate, so that any moisture falling on them Irom above 
was excluded. 
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Only ilie records for 192G-27 have been kept completely. In this year a full 
record of the rain and dew A\as maintained. Uew was common in February ami 
March, l)iit no rain fell throughout the flowering season. The performance of the 
])rotected flowerheads as compared with controls either on the same trees or in the 
immediate neighbourhood was as follows : - 


Tahee XXL 


Sludditnj (tj and fjoumj ftuilb ptuktUd /tout mitt and dew. 



NumlM.1 (»1 

llowc'is 

Flow^ics siiLi) ri!,u 100 
CO’MrLLl’L J<LOVVLl{b 

lOllMKD 

1 

1 

Hipe liuits 
j>cr too 

1 oiupletc' 
llouei", 


(Slird I.efoK 
tcitili's.ition 

MicmI lUtei 
ICltlll'MltlOll 

1. Wltlioul piutccllOil .... 

2,1.>1 

Hc'J cent. 

Per cent. 

u> a 

IVi cent 

0'2S 

2. ITotc'c tc’d \m 1 h (. u\ fis . 

2,1.17 

no s 

20 1) 

0 2S 


Tims, Irom these liguiH's, it will be seen that the linal production of ripe fruits 
was not alt(‘red by the protection given. Th(‘ prc'sencc ol the cover s(‘emed to 
reduce the number oifotilibed flowers and young fruits which were shed, but, on 
the other liaud, tended to iiierease the sluHlding ol the flowers before iertilisatioii. 
There is, Jio\ve\('r, no evidence that under the conditions ot the last season, sueli 
protection as that givim was ol any great advantage. This is in agreement with 
results obtained by l\)penoe^ in Florida. 

The only oth('r cause ot the vaiiation in the shedding which has been siiggcoted 
is the wTint ot assimilated plant food and possibly also ot water, and attempts have 
l)een made in l)oth the seasons uiubu* record to ascertain wdiether the application ot 
irrigation during tlie flowering season to trees, or the addition of concentrated mamires 
applied in trenches round the trees, made a very substantial diilcrcnce to the yield 
ot liTiits per lt)0 flow er heads. The results in both cases are, the author feels, vitiateil 
because of the very laige variation from tree to tree in all cases. It is true that, on 
the average, each of th(*se treatments, with irrigation or with concentrated manures, 
raises the number of fruits produced per 100 flowTT heads. Thus, in 1926-27, taking 
the record o£ three trees, irrigation raised the number of fruits per 100 flower heads 


^ Fopcnoo, W'. Maiiu.il of Tiopical and JSub- Tropical Fruits, 11)20. 
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Irom 21) to 37, but tlie uctiuil JiumbcT of fruits per JlK) llowcr liciuis nmui* iu cacli 
()| the tlirce cases 

J. Irrigated trees l.>, 21 ,iiid It 

2. UiiiiTiga ted trees . . . . . . . .11, 2C .ni<l 27 

So that it is very doubt lul whether the* (litlVreiiee is dii(‘ to the irrigation at all. 
Similar vitiation of tlie results has Imm'U the ease in tliosi* triMss wlimi' eonet‘ntr.it(‘d 
iiKinures have been used, and we are coinpelbHl to l(‘ave further investigation of the 
juatter to the next year. 


(Jemekal cuNonusioMs. 

Th(‘ author feels that the results of this investigation, so lar as th(‘y have* gone, 
have emphasised the very great loss ev<‘n of eomplett* How (‘is, whieh normally tak(‘s 
j>lae(j in mango Hovvering. That loss, including tin* eas(‘s wh(‘n‘ the flow(*rs fall 
Im Iojv fertilisation and those wlmre young fruits are sIkhI, amounts normally, with 
(he Alphonso variety of the mango(‘s at Katnagiri, to ovtu* 1)1) ])er e(‘nt. of th(‘ com- 
|)|(‘l(‘ flowM'rs formed. Jii som(‘ years, as in iy2()-27, tin* loss was in all easi's subs- 
tantially over 1)1)*5 per etmt. 

iSo far as almost the whoh* of this loss is eoneerm'd, th(‘ invi’stigations made liavt* 

far not reveah'd any cause for tin* falling of tin* flowers and Iruits. Only a V(‘ry 
^iiiall proportion of tin* llow’(‘rs in e(*rtain fluslms, at any rat(‘, show<‘d any ri'cog- 
iijsable outw^ard symptoms whieh would liavt* suggested that tln*y wen* likely to fall. 
These* recognisable cause's wore mildew and certain black s])ots on the flower and 
liuit stalks and on the fruits, the nature of wdiieh was not idi'iitilied. But both 
these classes of symptoms wi're prese’nt in so small a propoilion of eases, that it is 
evident that they were very minor (‘lenn*nts in causing flower and fruit slu'dding in 
the mango. 

The cause of by far the largest projxution of the loss of mango flowers and \oung 
1 1 lilts, therefon*, remains a mysti'ry. But then* an* two el(‘ar causes whieh are abh* 
to alT(‘et v(‘ry materially the (piantity <»f fruits, small though it be. whieh actually 
npeii. So far as tin* ex])erinn*nts show', tin* preseinx* or abs(‘ne(‘ of rain or (l(*w is 
Hot one of th(*se, though tliis matter still in'cds further investigation. But tin* 
^\ell known Jassid hopper, the ehi(*f sp(*ei(‘s of whieh at Katnagiri is hUovaus 
iiircosparsiis, and the mango flow’(*r inild<'w% which Ix'longs to a lorm of Knjsiphv 
whieh has not been fully studied, botJi aflVet V(*ry materially tin* proportion of 
complete flowers w^hieh ripen into fruits. 

At Katnagiri, how^ever, the first flush of flowers in Kovemb(‘r and Deei'inlx'r S(‘(*ms 
^'orinally freeor nearly free from both these (*nemies, the second Hush in January and 
<'-idy February usually has abiiiidaiiee of hoppers and a small amount of mihh'vv, 
while in the third flush in late February and March, the hoppers are much less 
Jihuudant, but the mildew tends to get worse and worse. In some years, as in 1925-20, 
the hoppers were very rare throughout the season. 
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Aliy attompt to check these two enemies l>y spraying, even n*peate(lly and .it 
short intervals, has been only very partially effective in keeping the flower heads fo c 
of them. Th(' r(‘inf(‘ction of inflorescences which have lieeii cleared of hoppers 1)\ 
lish oil soap solution was almost immediate and as the greater part of the danui^i' 
is doiu* by tin' nymphs, th(‘y wm-e abh* to affect the flower head materially befoh' 
the n(‘\t spraying took place. In the case of mildew, tlie attack takes place by 
pref(‘r(‘nc(' on the jiortions of the inflorescenc(‘s as they appear, that is to say, on t]i(‘ 
young(‘st portion. The ri'snlt is the ndative iiu'iliciency of the sjiraying treatniiMil, 
even friMpuaitly rep(‘ated against this also. 

Ibit three things seem ch'ar from the study of tn'atments by s])raying. Tlir 
lirst is that all of llnan cause, whether the pests and blights are pr(‘sent or not, an 
increas(‘d loss of unfertilised fiow'ers, though they may lead to a reduction in tin* 
amount of fall in flow'ers after fertilisation. In the absence of disease, the total 
effect of th(‘ sprayings is ncgligibh'. 

Th(‘ second is tliat the spraying with Bord(‘aux mixtur(‘ has becMi effective in 
incrinising th(‘ percemtage of suec(‘ss in ripe Iruits wdnui mildiwv is jiresent by i^l 
jier cent, in l92r)-2() and liy 2)50 per cent, in 192t)-27. In ])res(‘nce of mildew 
(hoppers being abs(‘nt), spraying wdth lish oil soap solution seenu'd distinctiv 
harmful in 1925-20. while the ri'sult was doubtful in 1920-27. 

The third r(‘SuU is tliat, in presence of hopjiers spraying with iisli oil soap solution 
increased, in the flow<‘r lH‘ads under detail(‘d e.\amination, the yiidd of rijie fruits 
by 02 p(‘r cent, in 1920-27. A combimsl spray of Bord(‘aux mixtun* and Kish oil 
soap solution was not (dlVctive even against ho|)[K‘rs. 

The work will be conlimuMl in the next two s(‘asons, wdth the cliicf object ol, on 
the one hand, finding an eff’cctiv(‘ method ol controlling the hoppers and mildc'w 
under th(‘ conditions ol attack winch have Immui d(‘scrib(‘d, and, on tin* other, of tryinir 
to trace furtlier the cause ol sonn* at any rate of tii(‘ loss ol complete llow(‘rs wlinli 
leads, at present, ev“n under the most lavourabh' circumstances to a shedding ovi ’ 
99 per cent, in the principal commercial variidy ol mango at Batnagiri. 
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APPENDIX I. 


The composition of forty mango inflorescences in 1925-26. 


Serial No. 

Totil No. 
ot iloA\ei'. 

Male flowers 

Completo 

floweis 

Percentage 
of complete 
flowers 

1 . . . 


313 

237 

43 0? 

2 


919 

228 

19-7 

3 . . . 


2,412 

391 

14-5 

4 . . . 

000 

314 

250 

42-00 

o ... 

492 

432 

00 

12-13 

0 . . . 

3,0 19 

3,307 

242 

0-81 

7 . . . 

l,19i 

991 

204 

17-07 

b . . . 

1.1 SO 

957 

229 

19-30 

9 . . . 

338 

309 

29 

8-.78 

10 . . . 

7S0 

>93 

190 

124-84 

11 . . . 


2.807 

202 

8-37 

12 . . . 1 

1 ,55.) 

1,015 

540 

134-72 

13 . . . 

.^OS 

327 

ISO 

i35-43 

14 . . . , 

2, .740 

2,470 

70 

2-75 

15 . . . 

2,0S0 

1,975 

105 

, 5 04 

10 

970 

734 

230 

124-33 

17 . . . 

50 

25 

31 

55 35 

IS . . . 

309 

304 

05 

17-04 

19 ... 

354 

190 

104 

40-32 

20 . . . 

147 

144 

3 

2-04 

21 . . . 

151 

98 

53 

35*08 

32 

200 

138 

08 

33-00 

23 . . . 

834 

505 

269 

32*13 
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The composition of forty mango injlorescemes in h)25-26 — contd. 


Serial No. 

Total No. 
of flowers 

Male flowers 

Complete 

flowers 

Percentage 
of complete 
flo\ver8 

24 

• • 


282 

240 

42 

14-80 

25 

• • 


279 

161 

118 

42-29 

26 

• • 


971 

855 

116 

; 11-9 

27 

• • 


502 

249 

153 

30-47 

28 

• • 


1,599 

945 

651 

40-9 

29 

• • 


518 

233 

285 

55-01 

30 

• • 


2,454 

1,838 

616 

25-0 

31 

• • 


573 

499 

74 

12-09 

32 

• ft 


1,584 

1,138 

466 

29-4 

33 

• ft 


481 

415 

66 

13-74 

34 

• ft 


959 

808 

91 

8-48 

35 

ft ft 


448 

298 

150 

33-48 

36 

ft ft 


20 

15 

5 

25-0 

37 

ft ft 


917 ! 

829 

88 

9-59 

38 

ft ft 


2,096 

1,59) 

505 

24-09 

39 

ft ft 


663 

402 

261 

30-9 

40 

ft ft 

. 

1,465 

1 

1,046 

1 

419 

28-60 
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STUDIES IN THE JOWARS OF GUJARAT. 

I. THE JOWARfi OF THE SORAT DISTRICT. 
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(Reo^^ivod fur ])ul>li<‘atiuii on nth (kt<»l>ci 102"^.) 


Introdlutory. 

The sorghum or jowar croj) is, with the solitary exception of rice, the most 
im}X)rtant of all those cultivated in India. In the Bombay Presidency it stands 
easily first of all, and if we include Sind, its annual area approaches eight million 
acres. In the Bombay Presidency pro])er, its cidtivation reaches til million acres 
annually. Of this enormous area, the British Jlistricts of ({ujarat claim only a 
little over 8 per cent., and yet in all of these Districts (except Kaira and the Pancli 
Mahals) the jowar crop is one of very great importance. 

In the Surat District which represents the southern extremity of the (Jujarat 
joimr area, almost the whole of the crop is grown in the kharij season, and its distri 
bution is shown in the following Tabh' of are,i by taluk.is (based on the record of 
P122-23). 

Tablk I. 


Distribution of Jowar in the Surat District. 


Taluka 

Aiea 

11)22-23 

Prupoitieu ot 
cropped area 


Aci‘ea 

Per ( ( lit 

Chorasi 

1 15,705 

28-2 

Olpad 

22,802 

18 2 

Mandvi ' 

10, 002 

100 

Bardoli .......... 

10,151 

130 

•falalpur 

12,778 

15 0 

Chikhli 

3,200 

3-2 

Bulsar 

07 

00 

Pardi 

10 

00 




o 


THK JOWARS OF THE SURAT DISTRICT 


The Surat District, as will be seen from the above table, clearly passes out oi 
th(‘ tyj)ical jotrar re^^ion in the south where the rainfall is too high for its cultivation 
to ])revail, and where it is rejdaced by rice. In the more northerly parts of the 
District, with a rainfall of It) imdies, all received between the months of June and 
October, and witli a heavy black soil, there appears a region })articularly suitable 
for tliis crop, and especiallv for the varieties which have a long period of growth, 
yield highly, and give also long and heavy straw. In fact, the types of jowar com- 
monly grown in Surat ar<‘ among the latest (that is to say, they have the longest 
period of growth) in India. They ripen in from four to six months. The varieties 
grown differ, however, very markedly in this resjiect, and thus vary in their suita- 
bility for growth a(‘cording to the character of the season. 

In the Surat Distric t, jotrar is always rotated with cotton, and its sowing is 
generally dcdayed until the cotton has been planted. If the land becomes foul witli 
\N(‘eds during this period, it is ploughed and harrowed before sowing. The delay is 
nc'ce^sary, for if joiner be sown at the beginning of the monsoon, it is always very 
severely attacked by one of the borers {('hdo simplex, Sesamia inferens or the an- 
thomyid fly liorer). It is usually sown by drill in rows two feet apart in the middle- 
of duly in heavy black soils, while in lighter soils it is put in a little earlier. After 
four to live \v(‘eks, th(‘ crop is thinned to a distaiK-e of om^ foot between the plants 
The seed rate used is five to siv pounds per acre, and it is often sown mixed with two 
to two and a hall pounds ol (Uijantfs nuhcKs) and a few’ ounces of muyuj {Pfiaseolns 
itudUjo) and cliarll (Vi(fna raftnuy). During the younger stages of the growth 
till' most serious daiigc-r lies in the attack of the borers mentioned above, which 
begins from two to three weeks after germination and is particularlv serious in a 
year of heavy and continuous rain. As a result, it is wise to sow thickly and U) thin 
out the affected plants. Inter-cultivation is given with tlie blade harrow\ 

The crop grow s v<‘ry vigorously from Sejdcunber, that is to say, from eight weeks 
after sow’ing, and the e<irlu‘ads appear from the last w^cek in October. Absence ol 
rain in Se])tember is injurious, but rain in October is believed to give small eai 
heads and reduce yield : north-east winds in l)ecemb(*r hasten the ripening. 

Keaping is done in January Avhen the topmost leaf (flag) dries up and turns 
yellow', ami is started early in the morning (5 a. in.), Avhen there is dew, to avoid 
droy^ping of leaves. The f)undlos are arranged in conical luuiyis in the field for drying 
and then the earheads are out oil, carried to the threshing yard, dried for a tew 
days and threshed. The average yield yier acre is 720 lb. of grain and 1,200 lb. of 
dried fodder. 

The main enemies of the crop are the borers afore mentioned, which, at Surat 
as t<‘sted near the ciol of October, have given a percentage attack as follows in four 
siK’cessive seasons. 

0)22-2:3 72 to 87 per cent. 

192:3-24 20 

1924- 25 65 

1925- 20 , . 47 ,, 
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JOWAR VARlETfKS OF THE 8UH \T DlsTRIOT. 

Tho varieties of kharij jnwar j^enerally ^rowii in tlie Sunii District are live in 
number. Of course, there are a number of minor tyj)es i^rown in odd ])laces but 
those of which a short descrijdion is now to be s(iven com[)rise all that are at })resent 
(>f any pracdical importance. Those are; — 

1. Perio Jo}rar. 

This is the main variety <j;rown in the Surat District, occupying more than three- 
fourths of the total area. It is also called ‘ hhar ' or ‘ drshi ’ and its characterisric 
loature (from which it takes its name) is the p(*a]*ly yellow colour of tlie ^rai?i. It 
varies very much in the character of the plant and especially in the character of 
the earhead. Thus there are ty[)es known as Ft^Jar with loose earheads, generally 
consisting of tall })lants with loni^ |)oduncles and <‘rect heads, liable to lod^e and 
usually with low yield. Other typcis arc known as Hmlh jurii) with compact heads, 
usually possessing short and thick internodes oii the stems. Anotli(U‘ kind is known 
as Mo)\i Timberiva or Dcslti with larj^er thouj^h softer ‘^r.n'n than ordinary Perio 
jofrar brin^inj' a higher price. Tho luenls in this kind vary considerably in com- 
pactness. A fourth type is Perio Shofit^puri, intermediate be^tweim the Ptuio and 
Sholapuri varieties. And linally. there is Atfio joinir, a kind resistant to the afritja 
pest, sometimes known as K liitp/dho \i((lo. Iar<z;(*ly consistinj^ of white ribbed plants, 
said to ripen early (‘ven when sown lat(‘. 

PVom this (h^scription it will be stum at onccj that t he so-called Perio jownr is a 
mixture of types, whoM^ .dmost only connection is tln‘ p(‘arly character of the ^rain. 
To take only one or two charact(U’s as tests. It was foun<l that there is a v^ery clear 
distinction between plants with a ^reen midrib ot the leaf and ])lants wu’th a white 
midrib. The latter always ha\(‘ a ])ithy stem. In [‘>‘.^1-25 a samph^ of local 
Perio jowar seed gave 5.") j)ci‘ c(*nt. ol green midribhed and 15 p(‘r cent, of wdiit(i 
midribbed plants. In l‘)-b-27 various samj)les gay<^ 55-5. 82'0, !)5-(), and ()T3 ])er 
cent, of green midribbed plants n'spectivcly. \ tvjui mass s^dcaded on the Surat 
Kami for a nimibm* of years gava* bb O p»‘r cent, ol green mi<lribt)ed plants. 

Another dillerenc(\ (sasily recognisalde i", in the colour of the anthers after 
weatheration. Surat Kami seh'cted Perm joirar\\\ 1022 22 gavi^ per cent., and 
in n)2b-27 gave do-T [)er cent, of red anthered plants. Local Perto jofrar in 1025- 
2() gave only 25-0 ])(‘r cent, and in 102b 27 gave 2!L7 and 12 () per cent, of red 
iuithered plants. A lot of seed knowm as A(/io foirar gave, in 102b-27. 27-b per ('ent. 
of red anthered plants. 

Judged by either of these very simjjle te^ts, the extreme heterogeneity of the 
material grown under the naiiK' ol l*erio jowar in Sui'at is wevy apparent. 

2. Sholapuri Jowar. 

Nothing is certainly knowui as to the origin of this type of jotrar. but it is com- 
monly believed that it w'as introduced from the Decc-an either during or ultov the 
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famine of 1899-1900. Its main characteristic is that it can be sown later than tin 
ordinary types, and it ripens earlier and gives a large yield. It grows quite wel 
if planted in September. It occupies one-eightli of the total jowar area in Surat 
The fodder is largely pithy (the plants having a white midrib) and is thus poor. Ai 
actual field examination in 1925-20 gave 99*ei per cent, of white luidribbed planU 
It is said to do well in the lighter soils or on sloping black soils, where less wate 
is retained. It is apt to lodge, more than any other of the local types. The earheai 
is nearly always loose, and is distinctly conical when it first appears (Plate I 
The anthers are very rarely yellow in colour, but brown and red anthered type 
are common. 

3. Chnpil Jowar. 

This variety is grown to a limited extent on highly retentive besar, or alluviji 
clay soils. It thrives under heavy rainfall conditions. The grains are very largr 
fiat, soft and white, and so bring al)out Ks. 7 to 8 more j)er yalli (1,140 lb.) than tli 
Perio jowar. The grains being soft and mealy are, however, easily attacked b; 
weevils. The earheads are all semi-compact. The chalf is small in amount. Th 
fodder is preferred for softness. 

This variety also includes many varying types. The best known as Telia-clmpt 
is grown in Baroda territory near Bardoli and Nior, and brings from Rs. 10 to I 
per (jalli more than ordinary Perio jowar. In this variety plants with white midril 
are very scarce, and thus the straw (Kadhi) is very highly valued. Types with hm 
or brown anthers are found varying from 1-8 [)er cent, of the jdants on the Sum 
farm to 1*8 per cent, in the ordinary crop. 

4. Aialo Jowar. 

This jowar is a type which can be ])lanted late, say in August, September or eve 
up to the middle of October. It is often sown in fields where rice would normall 
bo planted, but where rice cannot be grown owing to a dry season. When put ii 
in October, it grows ((uickly, flowers witliin sixty days, and yields a good croj 
It is, however, more especially useful as a fodder variety and does not grow v(m 
tall. The earheads are always loose on long straight })eduiicles. 

The plants of this variety bear only six to eight small leaves, and are thin stem 
med, and its area fluctuates much from year to year. It is said to be largely imniiun 
to the strlga pest. Almost all the plants have red or browii anthers, some sample 
giving nothing else, while one field counted gave 93*2 per cent. 

5. Vani Jowar. 

This is a type of jowar used for [>arching in the green condition, and is often growi 
simply as a few rows in a field. The colour of the ripened grain varies, howevtu 
very widely, but the wrinkled seeds, pitted at the tips, are very characteristic 
The ripened grain is somewhat flinty. 
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The leaves in this variety are generally very erect and the midribs are generally 
white. 

Typical samples of the grain of four of these varieties gave tlie following figures 
on analysis 


— 

Budh Perio 

Chapti 

Sholapuri 

Vani 





Per cent. 

Per cent. 

Per cent. 

Per cent. 

Moisture 



• 

11-7 

11*8 

11*4 

110 

Ether extract . 



• 

31 

2*7 

3*6 

43 

Albuminoids . 



• 

8-2 

6*6 

r>5 

10 5 

Digestible carbohydrates 



• 

74-4 

7G‘l 

750 

09-8 

Woody fibre . 




1-3 

1*2 

M 

2*4 

Ash .... 



• 

1-3 

1-7 

16 

20 





100*0 

100*0 

100*0 

1000 


To the north of the Surat joivar area, lies the large jotvar growing area of Broach, 
hut in this latter District the jowars cultivated are almost all rain joivars. These 
latter can be readily distinguished, even in appearance by the fact that the leaves 
are completely glabrous, that the leaf sheath does not completely cover the inter* 
node, that the midrib is always green, that the earheads are usually very highly 
compact, that they ripen much more rapidly than either Perio, or Sholapuri 

and that they are very much less liable to weevil attack than the khartf jowar of 
Surat. The seeds are generally smaller and lighter than those of the kharif crop. 

Among the Surat varieties themselves, the most obvious dilfcreiices arc • — 

(a) The difference in colour of the midrib (green and white), the latter indi- 

cating a pithy stem. SJiolapuri, Vani and Khaplatio-^^ ialo have white 
midribs ; Chapti has green midribs ; Perio has both in varying 
quantity. 

(b) The difference in size of plant Xialo is a small plant with few' small 

leaves. 

(c) The difference in hairiness of leaf (^hap/i is a less hairy type, especially 

near the midrib of the leaves. 

(d) The difference in compactness of earhead All stages of compact Jicss are 

found in Perio. In Chapli all are semi-compact, while in t>bolapon 
and Nialo the earheads are generally loose. 

(e) The difference in length of the peduncle : — This being longer in S/iolapuri 

?iud Nialo than in Badh-ferio and Chapti, 
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(/) The fliflerenoe in anther colour : —This varies much in all varieties ))i 
in Sholapuri and \ialo rerl and brown anthers are found in by far 1li 
majority of cases. 

{(/) The dilTorcnco in grain size and colour .'—This has been already describee] 

Almost all these differences, except those of colour, are differences of degree 

Rotwkwl Ch.\r\ctertsttcs of the Jowar Plant. 

In the present se'ction, it is pro])osed to take a number of the botanical feature' 
of the Joimr plant, and consider the variations which occur in them, as illustrated h 
the Joivars of the Surat District. 

Sf(^nL In a norniJil season, all the three main Surat Jnwiir varieties — Pern 
(Uiapii, a>n/ Sliohipiirt — liave from seven to twenty-two nodes, the total height varyiii 
from GO to 220 cm. with an average of about 150 (‘in. The ^holapuri variety i 
not so tall as the others owing to a smaller number of nodes, but on the other hand 
the u])pcr nodes an' usually longer in this case. 

The Jomtr plant has a serh's of short interno(h‘s at the base, has the longes 
internodes in the middle of the sp'in, while the top internodes are generally longt' 
than those at the base but not so long as those in the middle. If, howev(*r, th' 
crop in Surat is sown very Lite, say in Siijitember, then the top-most interno(h‘ 
(say liv(' in number) tend to the longivst, the middle ones standing next. 

In all the standard Surat varieties the maxiupim iiiternodal circumference o 
the stem is 2-5 to 1*2 cm., with a diameter of 1*2 cm. In very (3arly flowering types 
the stem is always thin. 

Lmrr.s. The h'aves occur in two opposite ranks, and are acute at the apex 
broadest abov<' tlie middle, somewhat narrowed at th(5 base. The fourth lea 
from the top n'ju-esents, fairly closely, the average leaf. The length in the Suiai 
varieties varies from 10 to GO cm., and the greatest breadth from 5*1 to S cm. 

Some types ol Jotnir have the leaves almost completely glabrous. OtluM’s an 
very hairy. The hairiness is mo.st seen in the upper half of the leaf, though nnIici 
the leaf is fresh, it is seen all over the lower half of the ventral surface. In 
]()war there is tin* curious variation that at the tops of the leaves the hairiness (PlaO 
VT) is emphasised near the midrib, while this is not the case as one proceed; 
towards the base., and the hairs gel sparse on both halves. In Perio jowar hairines' 
is far more evenly distributed over the two halves of the leaves. 

Wliat purpose t]i(‘ liairs serve is (piite unknown. By many workers they ha\< 
been clainu'd as a means ot drought resistance, but the evidence for this is very slight, 
The hairs can l)<\st be s(3en with a lens when the flag of a leaf is just out, between ^ 
and J I a.m. As the l(*af gets older, the hairs drop off. On the ligule, tlnrc is alwa\.' 
a thick mass of long hairs. 

On the leaf slnniths, tliCTc is gcneiMlIy found a deposit of wax, in the case of tli^ 
upper four or fivi^ h*aves, but the amount of this deposit is very variable. It 
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extremely developed on one of the pure strains which the authors have isolated 
[Althan Deshi (>) to be afterwards described. What its juirpose is, is very doubtful, 
Ifaberlaudt^ considered it as a means of iiuTeasing tlie effectiveness of the control 
exercised by the epidemis on transpiration. In the case of wheat, on the other hand, 
Bliide^ has claimed that absence of wax and capacity for vigorous growtli were 
j)ositively correlated. In the case of Joivar at Surat, tlie wax was found to have a 
specific gravity of ()-893 at 2b*5'’ C. and had a melting point of 83"* to 85" C. It darke- 
ned much on melting. It was soluble in ether, but practically insoluble in alcohol, 
})enzene, or chloroform. As scraped from the plants, it gave !)'25 per cent, of ash. 

The Inflorescenre. The Sorf/hum or Joivar inflorescence is a ])anicle, usually 
ccdled the head. The heads differ widely in sha])e. The central a.xis is usually 
.iiigular, and the side bramdies are in apparent whorls. The lower branches in the 
panicle are, however, irregularly arranged, and oidy al)out an inch from the bottom 
do regular whorls ap])ear. The distance between the whorls is usually greatest in 
the middle of the earhead. 

On the ])anicle branches, the spikelets usually occur in pairs or occasionally in 
threes; towards tlie tips of the branches and branchlets, they almost invariablv 
occur in tlirees. Invariably, one of the two or three is sessile and herniajdirodite, 
while other one or two. as the case may be, are pedictdled and either empty or sta- 
ininate. The sessile or hermaphrodite ones are broad, thick and fertile ; the pedi- 
celled ones are narrow and long. 

In an average season the fertility of the earhead in Surat /o/mr is very nearlv 
(omplete, except tor a few^ failed flow'ors at the base' ol the earhead. These mav be 
taken at 10 to 15 p.c. of the total heads as a ruh‘. In some years, however, a larger 
lailure occurs, and oiu' such year w'as l!)2(>-27 when thc^ percentage of failure rose 
to 15 to 20 per (‘ent. of the heads, A detailed examination of heads of tw^o 
pure types of Perio joivar (AJ/ha)i Deshi <> and Hadh-peno 53) was made, with the 
following results, 

Althan Dvshi 6*. 

(1) Normal main ulioofs. (t5 earheads with such failures examined) Nearlv Of) 
|)er cent, of the earheads had jiatches of failed flowers at the base, say within one 
inch of the bottom ; 22 per cent, had similar jiatches in the lowvr half of the heads ; 
18 per cent, had patches of failure right even to tin* top, though their frecpiency 
increases when descending the ear. 

(2) Shoots from stubbles and tillers. (10 earheads examined) The base only 
was affected in 13 per cent, of the cases ; 22 per cent, had similar patches on the 
lov/er half only ; nearly 05 per cent, had patches of failure all over the earhead. 

(3) Shoots from axillarif branches. (20 earheads examined) The flowering of 
these shoots was late. There were no cases wdiere the failure w^as limited to the 


* Haberlaudt. Physiological Plant Anatomy, page 107. 

“ R. K. Bliidc, Annual Iteport, Bombay Department of Ayrkulture lOJO-21, page 118. 
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base or lower half of the carhead, but 35 per cent, of the earheads had small patch( 
of failure all over. 

Budh-Perio *5d. 

(1) Nornud main shoots. (10 earheads with such failures examined) Nearly Ti 
per cent, of the earheads had patches of failed flowers at the base ; 25 per cent 
had such patches in the lower half ; and m^arly 20 per cent, had patches all over. 

(2) Shoots from tillers and st abides. (10 earheads examined) The base oiil 
was affected in 35 per cent, of eases ; 15 per cent, had similar patches on the lowe 
half only ; 50 per cent, had patches of failure all over the earhead. 

(3) Shoots from axillary branches. (20 earheads examined) The heads of th( 3 h' 
shoots showed 20 per cent, with small patches all over the earhead. 

The only clear indication from this examination is that failure on the lower par 
of the earheads is more likely to occur than in the upper ; though the percentage o 
non-fertilized flowers in such heads is low, cii.. i to 4 only. 

Glumes. The lemmas of the fertile flowers in the Surat varieties of jowar hav< 
awns, while the staminale or emj)ty flowers are awnless. The awns attached t( 
the lemmas of fertile flowers in dilfenuit varieties were measured from one hundre( 
sjpikelets and showed an average length of 1*13 cm. with i^hapti jowar , and l-h 
cm. with Sholapnri jowar. Vani jowar gives figures very close to those for Chapi 
jowar. The awns in /V/vo jofcar are much shorter, 1(K) flowers of Budh-Pern 
giving ()-84 cm. as tlie mean awn length. There appear to be characteristic differ 
oncos in the variation of th(‘ outer glumes. In i^hapti jotcar there is an average o 
11*5 veins |)er glume ; in Hndh perio lO-fi veins and in Sholapuri fi-fi veins. In tin 
Budh-perio jowar the veins extemd to the (‘dge, and are clearly marked at the to]) o 
the glume and the glumes are very hairy ; in Shohpuri the veins extend furthci 
downward, but the glumes are much less hairy ; while in Chapti the veins almost 
reach the base of tin* glunnss and tlu' latter are still less hairy than with the Shohi^ 
pari type. 

In shape the outer glumes are roundish at the toj), and broad in relation to lengtli 
in the Perio type ; in the Sholapuri kinds they an* more tapering and relatively 
longer. The G/iapti jowar has glumes longer than the Perio and broader than tlir 
Sholapuri types. 

Coloration of the anthers. W'lu'u the grains begin to ripen, the anthers arc seen 
on the earhead in a shrivelled condition after weatheration. Well marked colovii 
differences can be found in this condition in different varieties and strains. In all 
there are two main divisions of this anther colour, that is to say, the anthers aj<‘ 
either yellow or red , though the shade of each varies a good deal. This characti i 
is very important in recognising dilferent strains of a variety, and the follow iii;j 
notes were made in l‘.)23-21 and 1^21-25 by oiu* of the authors.^ 


^ Patel, G. B, Extent of natural eross-fortili/atiou of Jnvmr at Surat Agricultural Journal of Jvdw 
Vol XXI, page 366, 
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“ In 1923-24 the seed obtained from inotlior earlicads with red anthers eitlier gave 
entirely flowers witli red anthers, or else flowers with red and yellow anthers in a 
proportion of 2*9 to 5-3 to 1. When the niotJier plant liad yellow anthers, the 
progeny bred true in this respect. This latter observation was confirmed in 1921-25, 
hilt again some red or brown aiithered plants gave very variable results, red or brown 
anthers being more numerous than yellow in a ])roportion wliieh varied from i-7 
to 4*1 to 1." 

The relationship of colours of anthers to colour of stigma was studied in l92()-27. 
in the case of a strain of Budh-'perio marked No. 53, which is a red-anthered typi', 
eighty -five plants were examined in this connection. Out of these, had light 
brown anthers and 7G had distinctly red anthers. All tln^ distinctly red anthers 
had also the shrivelled up stigma of a red colour. The nim^ ])lants with light brown 
anthers had light coloured stigma. A similar association of colours was found with 
plants of the Shohpuri tyj:)e and with other strains of Bmlh-pcrio jotrar. In the case 
of yellow anthered types the stigma is likewise whitish yellow to yellow in colour. 

Vnriaiion in the number of pedicel fed sfamiuafe l/ntnrs. It has already been noticed 
that the spikelets usually ocinir in pairs or in threes, one of which is sessile, and herma- 
phrodite and the others are pedicellcd and either empty or puridy staminate. The 
interest in these staminate (lowers was increased by the discovery of a great varia- 
tion in the amount of cross pollination. The f]u<‘stioji arosis in fact, how far the 
proportion of such staminate flowers varii^s from strain to strain and how far this 
variation has anything to do vith the extent to which cross-jiollination takes place. 
A single earhead of seven diflerent strains, grown in pure condition for several 
generations, was dissected, and the relative proportion of diirerent types of flowers 
determined in 192G-27. The results are shown in the following Table : — 



Table II. 

T anatioh in the nmnher of staminate fo 
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It will be seen from the above analysis that the importance of the ])e(licelle(l, 
^faininate— flowers is very different in different varieties and strains. The first 
hree strains in the table, Althan Deshl 6, Budh Pvrio .9 and Mon} Timber wa 7, 
ire all compact headed types, thouj^h Budh Berio .9, is less compact than the 
)thcr two. Budh-Perio 40 and Chapli (V are what may bo called senii-(’()m])act typos, 

A Idle the earhead of the Sholapuri strains would be classed as loose. It is at 
Diice clear that the compact types all of which belong to the Peru) variety have 
I very much larger number and proportion of pedicelled flowers with antlu‘rs, 
or, in other words, of staminate flowers. In the case of the ('hapli jmear type 
[‘xandned, and also of the scnd-c()m})act type of Perm the number of gemiiiK^ 
Ntandnate flowers is very much less, wliile uith the loose Bhoinpiirt types there an; 
hardly any of them. This is not due to the absence of pedicelled flowers b(‘caus(‘ 
(he Sholap}(ri types have almost as many of these as any, tlu‘ low(‘st niinilxu* being 
[n i\ie (^haptijo}var. The proportion of ])edicel led flowers to herma|)hrodit(‘ flowers 
\aries from 1*27 to 1 to 1*38 to 1. 

It will also be noticed that between 59 and bH-T) j)er c(Uit. of the flowers are 
arranged in ])airs, one flow’er of the ])air being henna [diroditi* and one pcdiccdlcd. 
'Die pro])ortion does not vary very much from strain to strain. Th<^ nnnainder of 
♦ he flowers almost all consist of groups of three, consisting ol one herniaphro(lit(^ 
and tw'o ])edicelled flowers. Complete hermaphrodite flow<Ts without any |)(m1i- 
((dled floAvers attached only occur m a limited munluu* ol cases n(‘V(‘r exceeding 5*1 
pel cent and going down in certaincases (ShoJapuii 21) to under I ])er cent. Tlnue 
IS one other interesting feature which comes out from tliis analysis ol tln^ llowiu* 
conditions in heads from a number of pure strains of Khanf jotrar at Surat. This 
is as to the kind of flow'cr group in wddeh the genuine staminate flowers oc(*ur. Tlu* 
following figures show this 


Taulk 111. 


Place of occur re nee ol staminate Jlotrers. 


- 

iNMliccllttl 
rtciM ( rs pi r 
head 

s(,iiiiin.U( 

rtouiis pi I 
ill .id 

Uci in.iphi()- 
ditr lIowiF'. 
IMtll 1 

natr r 

in KM U IIKODOI. II.OMI IvS 
NMI’M 2 1*1 DU HT 1 D 1 lOM 1 K" 

(U) Jinffi 
p(‘(ii((il(d 
|U)\M ii wit h 
uttffurs 

(/y) out' 
pi lilt ( 11( li 
llowi 1 with 
iitifbi rs 

Mthan Dc9hH) 


, 


6,‘2P2, 

1,291 

.'»lt 

S.') 

oil 

lu.Jh Perio u . 




2,34a 


229 

10 

24 J 

M ori Tiinberu a 7 , 




1,894 

307 

189 

17 

in 

hmih Perio 40 , 




2,U3 

81 

39 

') 

,r. 

Vhaitli cV 




l,50(i 

13 

none 

UUIK 

1 1 

21, 




2,201 

1 

*» 

iiniic 

2 
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It will bo soon that in all the typos except Chapti there is about an equal prol)a- 
bility of genuine staminato flowers occurring in association with a hermaphrodite 
flower as a pair, and as one of two pcdicelled flowers in association with a hernia} >1]^ 
rodite flower in Ohipli also. It is comparatively rare for both the pedicelir-l 
flowers in a group of tliree to contain anthers. 

In this connection, it is interesting to observe that in all cases except in some 
measure in Alfhan Desitl fl and Bmih Perio ‘d, the upper portion of the earhead and 
the tops of each branchlot contain a larger proportion of genuine staminaf/O flowers, 
particularly the double staminate ones than the rest. In the two types mentioiiod 
the distribution is fairly uniform. 


Tahle IV. 

Disfribnfion of stannnafe flowers in earhead. 


— 

AUhnn 
Di’bhi C 

JiU4ih 
Perio U 

Motii 

Timbers a 7 

liudh 
Perio 40 

Ohapti 8 

Propot Hon ol HlatninaU' to piOirdlnl How ns 
in per ceTltn^’c 






At the top^ ol pnnido braiulub . 

41-7 

r)0*« 

55 1 

64 3 

100(1 

ill the upper oiic tliird of panicle- 






fa) all flowers iiicIudcMl 

17-4 


41 4 

68-3 

81 6 

{b) la groups with two pediceilcd flower*. 

:u 7 


P41 

11)0-0 

niMir 

(r) in groups with one podicelk*il flowor 

15 2 


30-0 

[ 52-7 

IM () 


The question thus arises as to the pa it which these staminate flowers play in 
tlio pollination and fertilization ot the herrnaplirodite flowers in the ear. To in- 
vestigate this matter, a study of the progressive development of flowering on indi- 
vidual earheads was made. 

Pro</rrssire dvrelopwenl of flowerunj. The number ot flowers opened each day 
was counted behne any ojieniug began iu the following morning. The flowers m 
the earhead to ojien first are the hermaphrodite ones, and a few of these usually 
0 |X)n before the carlicad is completely out of the sheath (specially when grown 
on ridges or when the Jo war is diying up) and those at the top of the head are almost 
invariably the first to open. 
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T1i(3 date at wliifli iJn; llovvoriiig started and iJie number of days needed for all 
male and henuapliroditc tlowers on the same heads was recorded for a mimlx'r 
earlieads in 11)22 and in 1^)20, with the following results : — 


Viirit'ty iiud strain 

JlERMArnUODlTr fiowkrs 

Male flowers 

J)aU' ot cii)rnlii« 
of li'^t /lofiir 

NiiiiiImt of daya 
to « oiiiplcf c 
Jlowering 

Date of opi'iiiiiR 
of lirsl jlowcr 

Niiinln'r of days 
to conipU'te 
flowering 

[Khan Deski (i . 




. , 

Istoarhoad .... 

iJrr. 0, l;)2G . 

U 

Dt r 0, iy2() . 

9 

iiul cai head .... 

Nov. iy2(i 

11 

Nov. 27, n)2() 

10 

3 I'd carlioad .... 

Nov. 22, ia2d 

12 

Nov. 2.'., 1020 

13 

lUnlh Verio 1) . 

Nov. 10, 1022 

U 



I.ihllt Verio 4') .... 

I)i‘V. 7, 1U20 . 

0 

Ore. 10, 1020 

8 

('ha pits ... 

Nov. 20, 11)22 

10 



,'^/iolapuri 1 ... . 

Nov. 21,1022 

0 


•• 


It will at on<*e be se<3n that the lun’inaplirodite flowers commence opening in every 
(Mse three or four da-vs earlier than the male flowers, it also seems clear that the 
s<‘mi-com])act or loose headed types like IWio 10 and Shoh^pun 1 complete the 
ojjcning more rapidly tlian the others, even though the total number of flowers is 
(•((iially great. In JW/a// Drshi (I, first earhead. the total number is small (bbl) 
lau'maphroditc Howers as against over 1,000 in all other cases), the flowering still 
rc(piires nitic days to com])lete. 

l^he ]m)gress of flowering from day to day was ret'orded for some of the above 
^Miheads, for both kinds of (lowers, and the following table shows the result. ^I’lio 
lir.st (lay of flowering is in all cases the date of 0 |)ening of a hermaphrodite flower. 















T\ble V. 

TrogrcbS of flo^teruig ?>? Joftar payucles 7. 



THE JOWARS OF THE SURAT DISTRlCt 




M. L. VATKI. AND (L H. 1‘ATEl 


if. 


Wo have similar records for Uio lioriuaphroditii flow('rs only witli three other 
strains as follows : — 


Tahjjo VI. 


Profjress of ffoterr in (/ (/[rrofUjihrodlfr flowers onhf) in J(nrar fubnlrirs II. 



It is clear, thcireforo, that in all cases examined lli(‘ period of mo.sl adive openin*^ 
of the male flowers is thnui or four days later than that of the e(nn])Iide flouers, aiid 
they, likewise, complete tiieir optmin^ tliree or four days later. 

Proijressirc dcrelopofcnf of cotupldc flowers in difjerent ports o/ eorheod. In the 
year iyi32-!23 it was noted that the tirst complete ilowtns to o[)eai in all tlie Surat 
varieties were those at the top of the earhead, arid that llowerin^^ [>ro; 4 resses dowii- 
A\ar(l, stage by stage, the llowers on branches belonging to oia^ whorl being usually 
in about the same stage of blooming. As a ruh‘, (lowers at tln‘. top of the inllores- 
cence have shed their pollen and cdosed when the lowm* llowers of tlui h(*ad are just 
heginning to bloom. 

If an earhead be divided into three portions— ujjper, ?niddl<i. and basal —then the 
complete flowers in tln^ middle ])ortion start about two or thr(‘e days iat(‘r than those 
in the upper part, and those in the basal section one to two days lattn* than those in 
the middle. The rapidity, or intensity of flowering is greater in tlu^ middle than in 

B 
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either of tlie other two sections, as the following figures show, starting in each cas< 
from the date of commenronHuit of flowering in that section. At such intense 
flowering periods the pollen from male flowers of the same earhead is available. 


Table VII. 


Prof/msfi of lloKrrunf {(^omplvte flowen) in different parts of earhead. 


— 

Top of caihead 



Total iiuiiihor of complete tlowj'i.s opened . 

510 

882 

500 

l*erceniai'e of lloweis on eacli day 




Ist- day ...... 

124) 

20*2 

10*0 

2nd 

0-8 

32*:{ 

34*3 

:iid 

22*5 

10*8 

22*5 

4th 

11-2 

15*7 

los 


(el 

1*0 

11-3 

h 

(>•2 

M 

10*2 

7„ 

IT) 




this stage tlie very iiite'ivsting ({la'st 


Proffresstre dereloptncnt <f cofoplrte male /towers as affected htj exposure. A I 


ion arose as to how far the ra])idity of openiu;. 


of flowers was <itfe(*ted by exposure to full light and air. One side of each of twi 
earheads (Alfltan Des/n G) whi(di were nalurally ])artly shaded and the course ol 
flower o])enii]g was watched. The diil’eren(‘(‘ in the progress of the flowering ir! 
different parts ol tlici (‘arliead is shown below ; starting in each case from the com- 
mencement of flowering in that section. 



Effect of exposure in progress of flowering. 
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Exposed fluwers. t I’arTlv -hatled. 
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The effect of complete or under exposure of the earhead seems therefore not to 
affect materially tlie progress of flowering in a single head so far as the number of 
(lays is concerned, but the lime of day at which flowers open is a little later in ih(‘ 
exposed parts of heads. 

Dcvdopwenl of the essential set organs of complete flowers. The essential organs 
of the comph‘te (lowers in Jowar are enclosed hy two glumes. The outer glume is 
broad and s(unewliat loose' ; the' iniu'r glume is narrowt'r and much more firm. At the 
time of floAVC'r op(‘nirig, tlu' ouli'r glume widens, and the inner one becomes looser. 
Then the stigma app(‘ars in all the Surat Jo as and sonu'time lat('r one anther, and 
then again, still later, the otlier two (tliough Jiot always simultaneously) protrude. 
The IcMigtli of lime the sligma appc'ars hcforetlie a nth (TS varies with different strains, 
but in two strains in IbL^O, tlu'y came out fifteen to twenty hours before the anthers 
All the anthers ap])ear, usually, within fift('en minutes from the (doming out of tin* 
first anther. 

The method of op('ning just d('S(Tibed, which ])r(n'ails in all the Surat varieties 
of Jowar. is (juiti* dillVrent from that which lakes place* in h]gy])tian vari(*ties oi 
Sorghum, (Kaidi and llrov n Yolo) wln‘n growji at Surat. In tln*se ]att(‘r, the' anthers 
first ap])ear, and then tin* stigma comes out lateT. 

As has already Imm'u stated, shaded or proti'cti'd liowa'rs tend to o])en earlier in 
the morning of (‘a(*h day during tin* llowa*ring p<‘riod than do those whii*h are* full\ 
ex])Osed. Idn* re'ason for this is not ch‘ar. and it do(‘s not agre'e* wdth tin* geiuT.d 
assum])tion in tin* case*. 

When it is cloudy the op(*ning of fl()wa*rs Ix'gins very early in the morning. Thin 
late in Nov('mb(‘r in lbJ2, wh(*n tin* dav maximum te*mp<*ratur(‘ wais 80'^ to K.. 
and the minimum temperatun* was TxS to 70'" K., the op(‘ning of flowc'rs began at 
4 a.m. and was practically finished by iy-'M) a. m. On tin* chilly nights a b'w da\s 
<*arli(*r (minimum temperaturi* 51) ‘^K.) tin* g7*(‘at('r number of ilowers opened betwi'cn 
8-‘l() to J0-‘>0 a.m. Tin* flow(*rs generally b(*gin to closi* afti'i* lO-ItO a.m., and 
tluTc is ])ractically no further opening till next day. In 11)2(1, similar obstTvation^ 
were made, but wdn’ii the atmosj)h(‘re was on tin* whoh* mon* moist, no opening ol 
Howlers was noticed b(*tore 7 a. m., and it contium*d till l()-.‘l() a.m. 

During the same season it w^as also noticed that on the same day the flowers in 
the upper | art of the (‘arhead c)])(*n earlh'r in tin* morning thaJi those in the middle, 
and these latt(*r (*arliej than those iu'ar the ])as(‘ ol tin* inflor(*scenc(*. The differences 
are indicated in tlie follow ing (*xam})les wdn*n the time of the l)eginning of opening is 
that of the emergence of anthers aft(*r the widening of the glunn's. TJie strain ijs(*(] 
for these observations was Alihan Deshi G. 
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Time of opDm^o 


Date 

Top of 
emhfad 

Middio of 
eatheiul 

Base of 
ear head 

/. ('(tmphtf f}nm}s 

a. 111 . 

a. in. 

ti. m. 

Dec. 9, 1920 

9-10 

9-2;{ 

9-23 

Ih'f*. 10, 1920 ....... 

9 0 

9-:u) 

9-30 

11, 1920 ....... 


9-23 

9-23 

[).o. 12, 1920 


H 0 

loo 

|)(‘0. 1;L 1920 


S-0 

9-40 

//. Mtih finwfr^i. 




I).‘c. 12, 1920 

0 24 

9-3i> 

10 0 

1:1, I92(i 

9-2S 

9-.’)7 

9-12 

Drc. 14, 1020 

9 0 

9-34 

9-3S 


As the season advances, the opening of flowers tcMids to commence earlier in the 
morning. 

The pollen of Surat jowars. A study was conducted of Iho germination of pollen 
(‘omplete flowers of the Jowar strain Althan Debhi fl, and also of stain in ale flowers 
ol both Althan Deslii G and Dhorio from Kathia\\ar. The g(‘rmiiuition was tried 
witli (1) pure distilled water, (2) 5 p(‘r C(‘iit. glucose solution, (3) 10 per cent, 
glucose solution, and (1) if) percent, ghu’ose solulion. Both fresh and stale pollen 
w ere used for the test. 

With fresh pollen from complete flowers, germination in distilled water took 
place after 40 minutes ; in f) per cent, glucose solution after 3() minutes ; in 10 per 
(ent. glucose solution after 25 minutes ; and in 15 ])er cent, glucose solution in the 
lew cases where germination took place at all, in about 15 minutes. In this last 
ease, however, the pollen burst after a few minutes. In any ease, the germ tube is 
< ompletely extruded after five to ten minutes. 

With stale ])ollen from complete flowers the germination is a little delayed, 
kollen collected on one morning is capable of germinal ion for at least thirty hours, 
and cross-pollination was successful, after this time, with Dhorio pollen on Alihan 
Deshi 6 flowers. 

With fresh pollen from staminate flowers, germination was obtained in all the 
media mentioned above. But the pollen grains were found tt) germinate better and 
more rapidly than those from complete flowers in the more dilute solutions. Thus 
5 per cent, glucose gave better results than 10 per cent, glucose. To some extent 
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the contents of the pollen placed in 15 per cent. fj;liicose solution became contortid 
and tliey failed to g(*rminate. »Successfid crosses were made with Dhorio pollm 
from staniinate flowers on the stigma of Aitham Th^shi 0. 

As the pollen from starniuate flower g(*rininat(‘s more rapidly and better in tin* 
more dilute solutions than that from (‘omplete flowers, it is very likely that tlih 
pollen may be playing a great part in natural pollination. 

llie Jowar enrhead. The general character of the Joivar inflorescence has 
already described (|)age 7). But a few more details regarding the earh(*ad <is 
found at the time of grain ri]>(ming may now be given. In any case, the head ,il 
flowering usually ap])ears more loose than when rip<‘ning. 

The earhead branches in the Surat »/o/eu>‘.v ar(» almost invariably short at the ))as(‘, 
and those a little above this and at the middle of the earhead are generally tlir 
longest, giving very much an oval appearance tc) tin* heads. 

The length of the peduncle is characteristic of c(‘rtain varieties, as well as the 
shape of the head. Tn Sholajmri and Niah types it is long. 

In com])act headed typ(‘s at 8urat the rachis is always short ; in loose hejuh'fl 
types it is always long. 

The characteristics of earheads of diflerent types, taken for four years, are shown 
below : — 


Table TX. 


C/k( met eristics of Snrnt jowar earheads. 


Nnnio of strain 

Avi 

1 KNOTH OF 
KXOUIS 

Av 1 it^oj 

NO. or niiwoHKS 

I'hll FMT 1 J-bGTII ! 

oi H\(’nis. 

AVj UAOr 

NO. OF BKET>8 
PER IIRANOH 

Avi IU(< 1 
WEIGHT OF 1,000 
Sl.KOri IN OKM 

1023-24 

to 

10J5-2C 

1025-20 
to 1 

1926-27 

1923-24 

to 

192.5-26 

192.5-26 

to 

1926-27 

1 

1923-24 

to 

1926-26 

192.5-26 

to 

1926-27 

1923-24 
* to 
1925-26 

l9i5-„'» 

to 

J7 


cm 

cm. 

< ompad. 



gim. 

ni 

Althan Detthi 6 

b-OO 

8*7t) 

91- 6 

9.3 2 

24-3 

27*45 

36 95 

U -! 

Bud ft Perio 7 

0 t)0 

0 7.5 

5* 1 

106 6 

19 5 

21 8 

36 59 

:s ’.5 

Moni Timber u a 7 ... . 

h or» 

0 05 

s7'l 

92 5 

21 0 

2.i 3.5 

38 84 

11 •> 


St iiti-Cvmpa<t. 


1 




liudft Perio 63 , 


11-35 


99 05 


21*30 


14-5 ) 

Chapti 8 

b 12 

8 05 

71-6 

77'65 

22-7 

21*35 

47-39 

17 0 

Teliif Chapti 24 . . . 


10 45 


72 3 


27 55 

17-8 

10 10 

Telia Chapti 2C . 


10 b5 


81-7 


23 05 

47-1 

39 1 » 



Loose. 







Sholapuri J8, , . . . . | 

•• 1 

1.5-4 j 


.50-6 


25 2 


39 7 • 
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The statement that a short rachis is characteristic of compact types is generally 
true, except with Chapti 8, which though only possessing a seTni-(‘ompa(‘t earhead 
has the shortest rachis length. The character of the head is si ill more determined 
by the number of branches per unit length (10 cm.) of the racliis. Th(‘ gr(‘a1er the 
number of branches per unit length, the more' compact ihv head. The heaviest 
seeds, i.c., biggest ones, are generally found in semi-compact types. Minoi< differ- 
ences noticed are : — 

(1) A peculiar narrowing down of the head just below the tip. This is 

generally found in blunt compact ty])es, but in some it is very obvious 
as in Bndh Verio 7. Tt is due to shorter length of the branches of the 
two or three whorls below the last, and relatively longer branches of 
the last whorl at the tip. 

(2) A pitted appearance of the earhead at the ti]). This is found in Alihan 

Beshi 0, and Budh Verio 7, both compact types. 

(3) A blunt or tapering tip to the earhead. A tapering earhead is generally 

found in loose headed types, and to a small extent in serni-compaet 
types, ft seems due to longer or f(‘wer branches in the last f(*vv whorls 
near the tip. All Sholapari types have a tapering earhead. The 
types Bndh Verio 40 and Chapti 8 tend in tlu^ same direction. A 
blunt tip is rather characteristic of compact headed ty})es. 

(4) A bulge in the earhead, slightly above the base or in the middle. This is 

due to a sudden reduction in the distance between whorls in the rachis 
or to the greatest length of one or two bramdies of a whorl. The 
a[)pearance is quite characteristic of Althan Deshi 6 and Budh Verio 
53. 

(5) A cylindrical appearance of the earhead. This is s(‘en, for exanqile, in 

Budh Verio 40, and appears due to the uniform length of branches 
in most of the whorls. 


Natural Cross Fertilization in Jowar at Surat. 

All the characteristics of the inflorescence and of the iiidivid\ial flowers in jowars 
^vould suggest that cross-pollination would be frequent. The chances of such cross- 
pollination would seem to depend on the following factors 

1. The time of extrusion of the anthers and stigma. It has been shown that 
in many cases such as Bndh Verio 7 the stigma may be protruded for twenty hours 
before the anthers of the same flower give pollen. In one case particularly noted 
with the strain mentioned, the stigma appeared at 5-30 p.ni. on December 1 4th, 
1926 ; at 6-30 a.m. on December 15th the stigma had not been pollinated nor were 
the anthers dehisced ; at 8-30 a.m. in this day, pollination had occurred and the 
anthers dehisced. It is necessary, therefore, to revise the conclusion reached in 
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1907-09 by workers at Surat^ that cross-fertilization was unlikely in jowars at Sural 
This was confessedly based on experience with Egyptian and it is now ch'ni 

that the relative time of appearance of the male and female organs varies much wit ji 
different varieties and strains oijowar. 

2. The extent of extrusion of the anthers. In a number of flowers on an ear- 
head, the anthers fail to appear at all, or only are very partially extruded. In 
these cases the cliances of cross-pollination are many. In the strain Althan Dtsin 
C both these conditions occurred. 

3. The pollen available when the stigmas are receptive. The anthers dehisce in 
most Surat varieties some time after the stigma is exposed, so that the chance of 
pollination from another flower is very great. There are, moreover, a very miu h 
large number of staminate than of heima])hrodite flowers, and the pollen from such 
staminate flowers gerininat(\s more quickly and in weaker solutions than that from 
the complete flowers. Th(‘ male flowers start opening and finish opening a littl(* 
later than the complete flower. 

Though all these (‘onsiderations make a large proportion of cross-fertilization 
likely, yet how far it does actually occur can only be (lt‘fermined by a direct exp(‘n- 
ment. Such an experiment w^as ,.iade in two snr(‘(‘e(ling y(‘ars, and the method 
adopted was to take plants which had bred true to (‘(‘rtain chara(‘ters for at l(*ast 
two generations and expose them in alternate lin(‘s to plants in which these chara( - 
ters were different and w'ere equally fixed. The characters chosen for testing the 
extent of cross-fertilization w'ore as follows : - 

1. (k)lour of midrib of leaf white or greenish. 

2. Anther colour, after weathering, yellow, red or browm. 

3. Plarli(‘ad texture compact, semi-compaft or loos(‘. 

4. (Jrain colour white, whitish yellow or yellowish. 

5. (rlume charact(*r the extent to which the scimIs are covered. 

With regard to some of lhes<» characters, observations of importance have pre- 
viously been made. It may lx* noted that tin* colour oC the midrib is important, 
as it seems to be correlated with the swTct or pithy character of the stem.- Hilson, 
working in Madras, has o])served that a whitt* midrib im^ans a pithy stem when the 
plant is in shot blade and tor some time after, hurther he has noted that in breeflin<( 
tests the pithy character of the stem, and hence the white midrib, l)ehaves as a sini})le 
dominant to the sweet stemmed character and hence to the green midrib. 

In connection with the question of anther ( olour, ^ Oraham, working at Nagpur, 
has noted that in his experience the colour of the grain can be judged at the tini(‘ ol 
flowering, the stamens and stigmas of plants giving red grains being orange in coloui 

' Annual Report, Botnbay Department of Aqricullure, l‘M)/ 08. 17 ; 1008-09, ])age 20. 

' Agri Journ. India, V<;1. XT, p. ir»l. 

^ Mem. Dept. Agri., India, {Rot, Ser.), Vllf, No, 4, 
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and the colour in the case of types with wliite or yellowish grain being pale yellow. 
I’liis observation, it may l)e noted, docs not apply entirely to ihejowar at Surat, for 
j ji(‘r(' exist both yellow and red aiithered types with white and yellowish grain. 

As regards the question of colour of grain and texture of earheads, observations 
]).ive been made by Kottur and Kulkarni^ working at Dharwar and they have used 
ih(*in as a means of testing the amount of cross-fertilization. Judged by the pre- 
sence of earheads of intermediate texture and brown grain colour, in the progeny of 
single selected earheads placed at different distances in the field, they have stated 
tli.it contamination from a variety grown round the border of a field varies from 
Dotliing up to 12 per cent, according to the distance from the border. 

()ther observations on the extent of cross-feHilization have been made by 0. R. 
Itdl-, in America, who states that contamination between adjacent rows may be 
.i n\ tiling up to 50 ])er cent. Grahanrs figure (loc. cif) varies from 0*6 to 20 per 
( cnl . Naturally, the figure would vary according to the position, the nature of the 
1 1 i(‘ty from which contamination takes place, the distance from the source of 
f ontamination, and the prevailing environmental conditions. 

Xow, in th(‘ first place it was dt\siT('d to asceitain with regard to the midrib and 
.inther character above refi'rrod to. as to what is the extent to which plants wdth 
IIk'sc cliaractiTS can ho relii'd on to hri'ed tiue when the parent earhead has been 
lagged and so self-feitilization se< uied, or when an ordinary unbagged earhead is 
1.1 ken from the field. 

Mifhib charadcr. In 1022-23, it was found that the seed obtained from un- 
liiiiged earheads on grecui ribbed plants in selections of Sholapun Joxrar bred true, 
while those from the wdiite-ribbed plants weie varialde in this respect. In certain 
(.is(‘s they bred true ; in others they gave a ratio of white ribbed to green-ribbed 
j)l, lilts in tlu* progeny of 5 3 or 5 1 to 1. 

In 1021-25, in a S(*l(*(tioii from Vhupli fou'ur in culture mad(‘ with seed from 
lMggi‘d lieads, all tlie plants Irom a green-ribbed parent bred true to this character 
I lid this is not in one but in seveial selections. In tli(‘ ease of sidection 48 (from a 
w hite-rifibed ])nrent) two out ol three cultures bred true ; tin* third gave a ratio of 
white to gr(‘en-ribb(‘d plants of 2 to 1. 

\)ilhvr vhuaclo . In 1023-21, it was found that the seed obtained from mother 
c.ii heads with na] antliers either gave entirely flowers likewise wdlh red anthers or 
llnwers with rod and yellow' antluM’S in various ])roportions from 2 0 to 5 3 to 1. 
W here the mother jilant had yellow' aiith(*rs, however, the jirogeny bred true in this 
u '-p(‘et. This latter fact was also the case in a series of eultiires made in 1921-25, 
w Ikui again red or brown anllii'red mother jilants gave vmy variable results, red 
<>• hrown anthers Ixung 17 to 1*1 limes mon* numerous than yellow anthers in 
dio progeny. 


‘ igri. Journ. India, Vi>l. XVI T, p. 413. 
t’. H. Belli. Anurt an Hrtaaier* ylfw/.. Vol. VI, ]>. 103 
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We have thus a clear method of determining the extent of cross-fertilization 
o})serviiig these characters. If seeds from strains are taVen which have a 
midrib and yellow anthers, the progeny will breed true to these characters unh ^, 
it has b(‘en crossed with a strain with white midribs to the leaves or with red o 
brown anthers. 


Such strains were, therefore, selected for the experiment in 1923-24, the oiir 
chosen being Badh Perio 9 and Sholapuri 1. The characteristics of each are show i 
in the following Table : — 


(Tiaractei 

Budh Ppn'o 1 ) 


Midrib of leaves . 

gieen 

white. 

Anther colour ....... 

yi'llow . 

red. 

Uni head texture 

eoin])act 

loose. 

(liaiii colour ....... 

yello^^lsh 

u hitish. 


The strains used repres<mie(J the progeny of selfed earheads and were pur(‘ as 
to the (‘haracters consider(‘d. The flowering time was practically identical. 
Two rows of Budh Perio 9 W(‘re planled iinm(‘diat(dy to the south of s(*veral rows of 
Sholapmi 1 and the s(‘(‘d from (*ach row of the former was pres(*rved and sown. The 
distance between the rows was three feet, so that th(» first row^ w^as three feet and tin' 
second row w^as six f(*et to the south of the first line of Sholapm i joivar. 

The result was observc'd in the cro]) of 1 924-25, taking the progeny of six dilTen'iit 
plants selected at regular distance from each row and the amount of crossing judged 
by the number of plants with white midribs to the leaves and red or brown anther 
colour. The results are showui in the following Table : — 


No of plant 


No. nt plants 
with dmiactciH 
of mother 


No. of plants 
with w hit(“ 
midiihs, led 
antheis, .senn- 
coinj^'itl 
euiliead 


Pen entage 
of I'lossed 
plants 


2 

a 

4 

r> 

() 


r. Row of liudh l*( no 


Total a\eiag< 


y, time feet distance from Sholupun 1 . 


03 

15 

22-0 

()(> 

22 

25-n 

S4 

13 

i;m 

ill 

21 

27 -.3 

74 

15* 

1(> 8 

52 

4,3 

15 *.3 

im 

1.32 

25 U 


* (hie <^f thcBe jilants had green midiib, red atiihei' 8 , and somi-cumpact head. 
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No. of pl«mt 


No. ot plants 
with chaia<‘(r s 
of niothrr 


No, «>f ])laiit.s 
witli wliifr 
niidi ihs, n d 
anthers, s(*nn- 
eoni]>Hef 
cfiiiiead 


INn entafjff' 
of etosst d 
plants 


II. Kf)AV of Badh Pcrio !), six feet distaiuu' fioin Sholftpuri 1. 



72 

7 

S-9 


72 

7 

8-9 


t;<) 

28 

31-3 


59 

2‘) 

33 0 

<>• « • * • • ■ * 

50 

31* 

38-3 

0 .•••••• * 

04 

20t 

29-0 

Total avciagc 

377 

1 

12S 

25 -0 


* Five of the.so xilanta had grcoii inidnb.s, rod anthers, and soini-coinpacl heads, 
f Ono of these plants had green midrib, red antheis and semi-compact heads. 


The naturally crossed plants had their loaves with white midrib and earheads 
with brown anthers, the head being of a S(‘mi-(‘ompa(‘t character.^ The anther 
colour was not truly red and appeared to be intermediate between that of the parents. 

The extent of cross-fertilization varies from IH per cent, to 45 per cent, in the 
nearer row, and from 9 per cent, to 38 per cent, in th(‘ second row from the Sholnpuri 1 
type. Not a single one of tl\i\ h(*a(ls used as n^presentatives,— taken fairly equi- 
distant along the rows had b('en unaffected ))y th(‘ nearn<'ss of the (‘ontamina- 
ting type, ft is curious to iind that tin* averag(* amount of crossing is the same 
in the second as in the first row (tlioughthe maximum and minimum are lower in 
the second row) and it suggests that some other influence than that of the wind is at 
work, — probably insects. 

Such were the results obtained in 1923-21. In the following year, at Surat, a 
similarly arranged (*xperimeut was con(luct(*d wit’i the strain Chapfi 8, again using 
Sliolapuri 1 as the means of contamination. The distances of rows of CJmpli 8 
from the contaminating row of ShoUtpuii I varied from three feet to thirty-six 
feet, and the amount of crossing was as follows : — 


Distance from row of idhoUtimri 1. Perconta^o 

of crossing 

3 feet 5'2 

G and 9 0*6 

12 and 15 • • • • 1*5 

18 and 21 2*1 

24 and 27 2*6 

30 and 33 0*6 

36 2*0 


^ One of the Madras workers has stated the open head character is dominant over the compact 
lit ad. Journal of Madras Agricultural SiuderUa' Unions Vol. Xll, No. 1 (1924). 
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It is clear that in 1924-26 the amount of crossing was far less than in the previou 
year, and that it was not proportionate to distance. 

An inspection of a crop raised from unselfed heads of the strains AUJian De^sfv 
6 and Moni Timbenva 7 in the same year, gave a crossing percentage of 2'2 per cent, 
and 2‘3 per cent, in two cases. 

In summary, it would now scorn certain that extensive crossing docs take plat r 
under natural conditions between dilferont strains of Jowar at Surat, whicJi ni.iv 
go up to between 40 and 50 per cent. It varies, however, very much from seasen 
to season. As the amount docs not vary with tlic distance of the contaminating' 
agent, it seems probabb^ that oth(‘r agencies than that of the wind are at work, 
probably insects, and we may, so far as Surat is concerned, decide that the conclu- 
sion reached in 1908-09 that natural cross-fertilization docs not take placci in 
Jowar^ is not correct. 


The hereditary nature of (’ertajn ciiARAcrrERs in Surat .luw vus. 

From the d('scri])tion of the three main varieties of Surat joivar (|)ag(* it 
will be seen that what goes under th(i name of a varhdy, — wlndher it be /Vrn>, ( 
or Sholapuriy -is really a series of strains, most of which possess certain ^a^let,ll 
features, but which differ from one another by important botanical and econoniit .d 
characters. These strains are, however, not/ merely mi\(Ml^ but have crossiul .ind 
recrossed with oiie another to an enorjuous extent, and few, if any, of a [>nr(' clnn.u 
ter now exist in the whol<‘ district. Any attempt to improve the charactm* ol Wu 
jowar grown, or even to fix standard types, must l)e commenced by tlie di'velopiurui 
of strains breeding true. For this pur])ose, therefore, original selections lioiii 
jowars of each variety growing in the field were made in J922-23 and subseijiunt 
generations of these selectiojis have been grown Jrom seed obtained from <*11 
fertilized covered heads since 1923-21. CVo])s have always been growji by dihhlm^ 
seed eighteen inches apart in rows three feet Irom oiui another. 

Apart from the ])rimary object of the work, namely, to develop fixed strains <>1 
special economic value, the selections have been studied in order to find out (1) 
what characters show constancy and similar (iifferences from strain to strain in i 
series of years, and which are tJius of a hereditary nature and can be fixed by briMMliiii:, 
(2) what is the normal variability of such hereditary and also of other chaniciei^ 
from season to season, (3) whether there are any othc'r characters normally associal< - i 
with a high yield of grain, so that f hese may be produced in any possible way. Dun n • 
the study, many selections which neither possessed economic value themselves nni 
which show^ed characters which would be useful in crossing were abandoned, - hni 
even these have given results ot importanee to the present study. 


Annual lieport, Deparitneut of AyrkullurCf liomhay, 1908-09, page 21. 
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The characters \vlii(5]i Iiavc becu studied in the manner de.scribed are as follows : — 

A. The leaf area per plant. 

B. The hairiness and colour of the leavers. 

C. The height of the plant. 

D. The thickness of the stem. 

E. The number of nodes on the stem. 

F. The colour of the sluivelled anthers. 

G. The number of days from germination to llowering. 

11. The length of the raehis. 

I. The number of branches on the raehis. 

J. The characters f)f the s(»ed, including size, plumpness, uniformity and 

colour and the weight of the seeds. 

/I. The leaf area ])er plant. 

The loaf area per plant may be considered as the area of tlie leaf blades plan 
the area of the leaf sheatJis. In all the leaves of six<y-(ive plants of selec- 

tions from the Perio, (liapti, and l^holapnri varieties were measured. It was found 
that in bb*2 per cent, of cases, the fourth leaf from the top represented approximately 
the average size of all the leaves of tli(‘ plants. Tn lt)-7 percent, of cases, the lifth 
leaf represented the average, and in it-J per cent, of cases, the third leaf was in this 
position. Jn succeeding years, the fourth leaf only was measured and was taken as 
representing the average*, and its arc'a multiplied by the number of leaves per plant 
uas taken to represent the leaf area of the jilant. 

The area of the fourth l(‘af was d(*termined by treating the blade and the sheath 
separately as follows : — 



In the blade, four measurements were made, namely— 

1. (a) The width at the base. 

2. (b) the width at the maximmn breadth. 

3. (c) the total length of the blade. 

4. ({/) the length from the point of greatest breadth to the tip. 
The blade area was then approximately obtained as follows 

“ ' ‘^-(o-d)+ib xd. 
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Tlic shcatli area of ilin wliok* })Iant was coiisidenMl as a cylindoj* whose 
was tJic height of tlio plant up to the flag, and whoso diameter was that of the, middi.' 
intornode of tlio plant at tlie midpoint. 

There are thus throe main factors d(‘tormining the loaf area, namelj^ the tot,i| 
length of leaf, the maximum breadth of leaf, and the number of nodes or ieav(‘ . 

Since 1925-2(), the lamina area has been obtained from the fourth leaf by Auishn* 
Plonimeter. 

Tn studying the results, it will l)e well to take the lamina or blade area (,f tli(‘ 
fourth leaf first. The criterion used in this as in all other cases for determiniiiL' 
how far a character is hereditary is to see liow far rrlafire differences })crsist (rom 
year to year when conditions of cultivation are similar in different strains. In tin* 
])resent caM\ th(‘ ligiires for 102(1-27 are not (piite comparabh* with the otlnns, 
owing to a bad attack of borer and to irregidarity caiisc'd by heavy (‘xcessiv^ rains 
the ])lanting was not ([uite regular. The results with four strains ani given, however 
ior four years, and for otluu-s for two ytNirs. 


'Paum.: X. 


IJIadr ima (*f Jo nr(h UaJ oj joimr si rains. 


tSli nil 

Blade Area 

IE SQUARE CEMTIMETEIIS 

l!)2a*2l 

15)21-25 

1 5)25-21) 

l!)2(i-27 

of 15)23 2() 


Stl, (-III. 

S(|. ( 111. 

S(|. C’JII. 

Mj. oin. 

b(| ( III 

AH/i(oi Ih s/fi ()..... 


2I(i 

217 

333 

*■).>>» 

BufUi ..... 

2aa 

221 

285 

320 

20. 

• 

Moni Timlnnra 7 . . . . 

2;{() 

251 

273 

2S8 

25 1 

Ckapti 8 

21i 

221 

220 

277 

228 

Sholapuri 1 

230 

250 

.. 


•• 

Budh Perio 40 

102 

154 

. . 

. . 

.* 

Bwlh Ptrio 5a 

• • 

. . 

259 

387 

.. 

Telia Ckapfi 24 .... . 



245 

369 


Telia PhapH 2() . . . . . 

• • 

. . 

205 

322 

1 

Sholapini 18. 


•• 

223 

322 

•• ‘ 
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The most that cxii be said from these figures is that certain vstraiiis have large 
leaves like Moni Timberwa 7, and others liave small leaves like Dudh Perio 40. In 
smaller differences, there seems little if any regularity. 

If we now take similarly the whole leaf area of the plants in eacli year, the fol- 
lowing figures are obtained. 

Table XI. 

I'ofal leaf area fer 'plant in jo war birains. 

Strain 


A I Ilian Deshi 6 
liudh Perio 7 
Muni Timberu'd 7 
( hapli 8 
yShohipuri 1 . 

Bu<lh Perio 40 
IhuUi Perio 58 
Telia ('hapti 24 
Tdia (iuipli 20 
bholapuri IS 

From these figures it seems (^iiite evuhuit that the leaf area is only hereditary in 
the broadest sense. There are certainly stoiins with low leaf area like Bndk Prrio 
10 and others with high leaf area in all the normal years tested, like liiulh Perio 5^5 
or Moni Timberwa 7. But a])art from this broad dillereiice, the order of leafiness 
among the plants varies very much from year to year, and is evidently detemiined 
more by the question of whether the environmental conditions of that particular 
•season suits that particular strain or not. 

But one association does a|)pear to exist at least among the Surat types examined. 
Iho earliness or lateness of flowering seems coiistantly associated with the amount 
uf leaf area per plant. An early plant has a small loaf area, and rice versa. Budh 
Perio 40 which has the lowest h‘af area is the earliest. Next stands Alihan Desk 

c 
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6 in both these respects. Similarly, the type with the largest leaf area. — Mon, 
Tmbciwa 7 and Budh Perio 53 are the latest. It is not contended that this con 
nection is generally true among types of jo war, but it certainly seems to aj)])l\ 
among those cultivated in Surat. 

Within each strain, the grain yield of each plant has been taken each year, alon^ 
with the leaf area of each plant, and thus it is possible to determine whether then- 
is any marked correlation between the leaf area and tlie yield of grain. The result^ 
are shown in the following table, where the co-efticient of correlation between thesi- 
two factors is indicated : — 


Table XII. 

Corrcla(in}(, within strains, between leaf area and tjrain yield. 


(’O-KtFfCIENT OF COHUELATION OF J.KAF AJtFA W ITJl 


SO am 

l<>2a-24 

11)24-2:) 

ii)2:)-2() 

11)2(1-27 

Alihan iJo'-hi (i 




0 1)0 1_0 02 

0-73 1 0 03 

0-s:) 1 0-02 

o-:)S loot 

JJudh Perio 7 . 





0 SI 1 0-03 

0 S7 1 0-0 1 

o*:>u 10 01 

^fo^n Tiwhirwa 7 



. 


0-S3 1 0*02 

0-S1)±0-02 

0-72 J 0 01 

Cluipli S . 





0-S7 t 0 02 

0-1)2 i 04)2 

0*77 1 0 o,{ 

Jiudh Pnio oli . 



• 



0 S2+0-02 

0- 10 i 0 01 

Tcha Cfiaph 21 



. 



O.Sl)i:0-02 

0-SI 1 0 02 

Tclta Chdph 2() 



• 



0 S3 f 04)2 

o-7:» j 0 03 

tSholapmi IS . 






0-SS 1 04)3 

0-72 . 0 o:; 


It will be seen that, within each strain, then' is a very close relationshij) betW(M*ii 
the leaf area and tlu' j ield of grain, or in other words, any treatment which will 
increase the leal area will also incnaiM* the yield of grain, wdiether this treatna'iit 
be by cultural changes or inauiirial methods. 

B. IJairtness and enlnnr oj the leares. 

Ai the ligiiJes tla're is always a Jringe oJ liaii>, and this abvays (‘.xti'iids on the 
midrib to about ou«' inch Irom tiie base eitin'r on one .-.kle or on both. In all tiie 
vaiieties there are stia ins whose general hairiness oji the leaf is veiy diil'eieiil. 
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Thus if the types isolated be classified according to hairiness, the following is the 
result : — 

Perio Uj'pes. Out of twenty types isolated, sixteen are hairy, two are sparsely 
hairy, and two are glabrous or very nearly so. 

Chapti types. Out of ten types isolated, three arc hairy, three are sparsely hairy, 
and four are glabrous or very nearly so. 

Sholapffri types. Out of seven types isolated, four are hairy, two are sparsely 
hairy, and one is glabrous or very nearly so. 

The Chapti types are on the whole the least hairy, while th(‘ larg(' majority of the 
Perio and SJwhpori strains are hairy. The hairs drop off as soon as the leaves dry 

The hairy character remains highly constant from generation to generation in 
each type. 

Colour of the tuidrih. If we consider the colour of the midrib, it appears at once 
that we are in pres{mce of a cliaracter which is constant and hereditary and that a 
white midril) is dominant over a green midrib. This <‘haracter should l)(‘ judged 
after tw'o to two and half months’ growth, and lias in our (‘x:p(‘rienc(‘ always been 
constantly associated with the sweetness or pithiness of the st(‘m. A wdiite midrib 
to the leaves is, in fact, abvays associat(‘d wdth a pithy stem of inhuior value as fod- 
der and a gr(‘<‘n midrib to the h'aves wdth a swe(*t stem of high fodder valu(‘. 

Out of s(*venteen pure Pen'o typc‘s which hav(‘ been isolated eleven (05 per c(*nt.) 
had green midribs and six per cent.) had wdiite midribs. Both bnal true to this 
character during st'veral generations. Out of eight })ure i^haptt types, all had green 
midribs, and out of five Sholupuri strains isolated in a pure condition, two had green 
midribs (dO per cent.) and tliree had white midribs (bO per cent). All bred true to 
this character. 

(\)]our of leares. Tf examitn'd ai't(*r two to thr(‘e months’ growth, tlu‘re are dis- 
tinct differences of tint in th(‘ gn‘en colour. Thus Jltlmu Deslu I aud 0 and also 
Budh Perio 42 all have a very charact(‘ristic dark green colour of the foliage wdiich 
marks tiumi out, and (mables them to be easily distinguished. It is constant for 
several generations. 

11 W o)( the she((<fh of upper 1eu,res. The waxiness oi t he sh<‘ath of the upper loav(‘s 
varies ccinsiderably, but in certain casi's it is very great, as in Altiuhu Des/u b. It is 
constant from geinM’atioii to generation. 

(\ The Hei(fht of the plant. 

The height of tin* plant lias b(‘cn in all cases ineasunMl Iroin tin' Hag, that is to 
^ay, the nod(* on tin* stem from wlii(di the [)eduncle ajipears down to the first node 
in the soil. It varies, however, as wamhl be ex])ect('d, very markedly from season 
to season, and is largely affec ted by the number of nodes formed. Thus the reduced 
iieiglit in an unfavourable season due to a lesser numl)er of nodes is only very slightly 
niade up by increase in the length of the inlernodes. 

c 2 
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Variation in iieight from year to year in a number of pure types is shown below:-~> 


Tahlk XIII. 


Average height of 'plants in Sural jowars. 


vStrain 

OK TLAHT^ IN CENTIMKTKUS 

nm 24 

1024-2.7 

102.7-20 

1020-27 

Avora”;e ol 
102.3-21) 

AUhan J)f^/n fJ . . . . . 

11.) 

UVA 

15S 

loa 

11.7 

Puiol 

14.7 

171 

17S 

104 

10.7 

Mom L'nnhnnt 7 . 

i2(; 

11)5 

1.70 

SI 

110 

Chniiti S ..... . 

IV.i 

\b:i 

i;u 

01 

110 

iShohtjnin 1 . 

127 

170 




Hudh Paio \0 

m<) 

Kia 




JJudlt Paio ..... 



1.71 

'i20 


Tdiif ('haph L’t . 



122 

115 


7We' ('hdpft 2() . 



I.'IS 

122 


^hoJopmi Is. 



1.75 

124 



It cannot be .stat(‘(l that tlnu’c is any constant relationsliip between the heiglit 
()[ the vaiious tyi)es ot ])i<int. They were iitauly all tallest in 1921-25. The most 
that can b(* saal tliat certain strains are nornialiy tall like Bndh Perio 7 and otlnns 
normally short (like ('hajf/i 8). In Miialler <lil!eronces there seems little of am 
regularity. 

Within eacli strain, the grain yield ol (‘acli [)Iant has been taken eacli year, along 
with the Jieight of each ])hint. The results show a very marked correlation beiW(M 3 n 
the lu'ight and the yield ol grain. 


Taule XIV. 

(\)) rela>t<o}, (vilhnt sitatns, hehreeu height and grain gield. 



Ml.) in 




Co-Ml KIJ.N r OF t’OKRf.LVnON OK HEIGHT 7VJT11 

YJ ELI) 

102.3-24 

l!)24-25 

1925-20 

1920-27 

. [Uhiut Jh >//? 0 





U-S.3 1 0-03 

O-OO L(H)4 

0-7.7 tO O.3 

0-.74 10 0) 

Jimlh Pdiol . 






(K70 1 n-05 

0-S.7 + U02 

0-70 . 0-0.3 

Mom Tiittlxnni 7 






0 07 1 o-ni 

0-80 1 0-02 

().7:{ 4 0-0 1 

S . 






0-70 4: ooa 

0-90 i 0-02 

0-04 ±0 0.) 

JJuilh l\rio 73 . 







0-82 M)-02 

0-52 1-0 -0.7 

7V/e^ ('liapti 24 







0-80 i 0 02 

0-07 1 0-01 

TtUa ('hapti 20 

. 

, 

. 




0-8:HO-02 

0-.70 f 0-04 

tS/iolaimti IS . 



* 

1 

• • 


0-S9 ‘ 0-02 

0-48^0 05 
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The correlation is highest in a dry year as 1025-26, whilo the lowest is in 1026-27, 
when the percentage of stand of plants was very poor. TIjus, (‘ven in a dry yvar, 
a tfill plant in a field is likely to yadd more grain. 

I), The thickness nf the stem. 

The thickness of the stem was taken by measuring tlie eircuml’e pence l)y nuMiis 
of a graduated stiip of paper, at the middle of an internode. The internodo taken 
lias been always tJie middle ou(‘. Tims, if there are eleven nodi* it will be the 
sixth, if there are ten or twelve, two mc'asurimients are taken one on each of the 
two middle nodes. 

The results are tabulated below' : - 


Table XV. 


(Urvnnijcrence of intent of Snra.t joinirs. 


Strain 

Cnn’i MFi KLNci: in millimi.tjus 

1923-24 

1924-26 

1925-26 

1928-27 

Avera'^o 

of 

1923-26 


mm. 

mm. 

mm. 

mm. 

mm. 

Althan De^tii 6 .... . 

32n5 

38- 1 

424 

.30-9 

37-7 

Budh Perio 7 

38-8 

38-9 

44-9 

60-3 

40-9 

Motii Tinibtnva 7 . 

3G-2 

4M 

44-3 

460 

40.3 

Chapti 8 ..... . 

38-2 

38-3 

374 

13 0 

38 0 

Sholapnri 1 . 

3.60 

39-4 

39-7 


38 0 

Bu(th Perio 40 .... . 

.30-6 

32-6 




Budh Perio 63 .... • 



440 

60 ‘ 

•• 

T(Ua Chapti 24 .... . 



414 

64-8 


Tdia Chapti 26 .... . 



:}94 

.31-6 

•• 

i^holapvri IS. 



43-2 

19-7 

•• 


There is at least a suggestion in these figures that among tin' Surat jotnirs 
a thin stemmed type is likely to be an early one, and a tliick sti'mnu'il type a late 
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one. Thus Hudh Ferio 40 has the thinnest stem, and is earliest in flowering. Bmlh 
Perio 53 is the thickest stemmed strain, and is the latest in flowering. 

Within eacli strain the plants with the thickest stem have generally given tlir 
highest yield, and the correlation between thickness of stem and the yield lias 
proved to be high. The following Table shows the co-ettieient of correlation of thest^ 
factors in three successive years ; — 


Table XVI. 


Correlation, within strains, between stem thickness and grain yield. 


Ntram 

(Jo-ia]?I( IhST OF ( OHUKLATIOiN OF STUM THICKiNLSS 

WITH YlKLl) 

l!»24-2.-> 

1920-20 

1920-27 

Alihan Vtdhi <5 





(KSU t 0-03 

0•92:l O-Ol 

0-05 t0«0t 

BiuUi Pitlol , 





0-78in*()3 

0-01 ^ 0 01 

o-r)2±o*u:) 

Moni Timbdwa 7 





0 ai 1 0 ui 

0-93 1 001 

0*72 1 OOl 

< 'Jmpli tS . 





()-SS4 0-0 1 

0-98±0*0l 

0-73 fcO'Ol 

Bvdh Ptrio SI . 






0-93 i 0*01 

0*02 1 O-O) 

Telia Chupli 24 





. . 

0*8r) 1 0*02 

0*70 ±0*02 

Telia ( 'hapli 20 






0-88 i 0-0 1 

0-.>4±0*01 

t^liolai/uii Is . 






0-92 1 0-02 

0*80 -1 0*02 

Sholupnri 1 

• 




U-87XO-02 

•• 



K, The number of nodes in the stem, 

ihe number of nodes in tlie stem varies Iroin vear to year, but there is little 
relationship betwetm the number of internodes and the heiglit of the plants. Though 
in 192fl-27 the numher ol iio(l(‘s was the least in our series of years, and the height ot 
the plants was likewise the least, yet in 1025-20 when the number of nodes was ihe 
greatest in the series, the height was not the greatest owing to adverse coiiditHui^* 
ol drought in tl,e latter [)art of the s(»ason. 
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The following Tables show the number of nodes iii a series of years in strains of 
SuTkit jowars, and the average length of internode in caeli strain ; — 


Table XVII. 


The nu)nber t)J 'tajiles In sienis of Sif.mt joirar.^. 


Strain 

AvratAOE NUMBER OF NODES 

11)2:1-2 4 

11)24-25 


1920-27 

Alffmn iJpshi ij ..... 

i:j 

10 

IS 

13 

Builh Ftrio 7 . 

i:{ 

10 

IS 

11 

Motii Thubdiva 7 .... . 

i:iv5 

Kro 

IS 

10 

t 'hapti 8 . 

11 

10 

l0-."> 

lo-.’i 

Bmlh Berio Till ...... 



IS*.-) 

13-5 

'felia Chapli 2A ..... 



n-f) 

13 

Telia Cliapti 2(1 ..... 



IS 

I2r> 

lludh Puio 40 . 

12A 

r.v.-) 



Xholapuri 1 ..... . 

i:io 

10 



Shohtpun Is . 



IS 

\ir> 


Table XVIII. 


Lentjth of ijUernodcs in 67 c 7 / ls * of Surat jou'ars\ 






Averaub length 

OF INTBRNODE 

St lain 











1923-21 

192 1-2.') 

1925-20 

1920-27 





cm. 

cm. 

cm. 

cm. 

Althan Deshi 0 




9-0 

lU-8 


8*0 

Biuih Perio 7 . 




121 

11-5 


10-4 

Moni Timbenm 7 




10- 1 

10-7 


9-0 

Ctuipti 8 . 




1 1*2 

10-9 


9-3 

Budh Perio 53 . 






8-7 

10 4 

'Telia Chapii 24 
'Talia Chapii 20 






7*4 

9-7 






8-2 

10-5 

Biulh Perio 40 . 




9-4 

11-2 



Sholapuri 1 . . . 

tihoUipuri 18 . 

• 


• 

lU(i 

11-9 1 

S*.j 

lV-7 
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The average length of internodes seems to be little, if any, guide to the character 
of a strain, and seems pre-eminently to be the character of the season in which the 
jou'ar is being grown. Tlio length of the in t<* modes, even in a particular jmrt of 
the season, seems to rcdlect tln' vigorous or poor growth at that part of the season, 
Tims in 11)25-1^6, a year of drought in the latter part of the season, the upper in- 
t(*rnodes were very short. Ihit with all this, there are (diaracteristic dilfereuces of 
the st rains in extnniK* cases only, which persist throughout. Thus the tapper in- 
ternodes were always shorter in the caM' of yilfhan Dashi 6 than in any other of the 
strains in hand, while in Sholapuri 18 they were always the longest. 

W'ithin a strain, the iiumher of nodes seems to have some relationship to the 
\ield of grain, though the corndation is not very constant or very close. In 1926-27, 
when as has already been stated the conditioiis of growth were abnormal, it almost 
disappears. In other cases, a l.irg(‘ number of nodes seems to indicate a vigorous 
and hence a high yiedding plant. 


dlVBLE XIX. 


(Correlation, within litrains, heti cen number of nodes in the stem, and grain gidd. 


Strain 

(’o-l-l MCII.Sr or CHJUIIELATION^ OF NUMBER OFNODfiS 

1923-24 

1924-25 

1925-26 

1926-27 

Alihan Deshi 6 


• 

. 

• 

0-74 1 004 

0-79 i 0-03 

0-74 ±004 

0-24 ±0*06 

Bvdh Perio 7 . 

• 


• 

• 


0-08 ±0-04 

0-87 ±0-02 

0*23 ±006 

Moni Timberwa 7 

• 


• 

• 


0-83 ±0-02 

0-8«i:002 

0-35 ±007 

Chapti 8 . 

* 


• 

• 


0-82 ±0-02 

0-87 ±0-02 

0*24 ±008 

Budh Perio 63 . 

• 


* 

♦ 

.. 


0-81 ±0-03 

0-20 ±006 

Telia Chapti 24 



• 

• 



0-68 ±0-04 

0-30 ±006 

Telia Chapti 26 

• 


• 

• 

•• 

•• 

0*73 ±0-03 

0-27.i=0-06 


F, The colour of the shrirdled anthers. 

The colour of the shri\elled anthers seems an absolutely constant charaeder 
from generation to generation and hence has great value in roguing out forms which 
arc not true to type. 

The anther character has been discus^id in detail in connection with the study 
of tlie natural cross fertili^iation of jowar, and it was found that a yellow colour 
in these organs was ccunpletidy recessive, the red or brown colour being dominant. 
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Each of the current varieties is mixed in the matter of anther colour, for strains 
with yellow anthers can be found among Prrio, Chapti and ShoJnpvri types, strains 
with brown anthers have laMUi detected among botli Prrio and ShoJapifri types, 
while strains witli red anthers are found in all the three series of types. 

'ff. 77/c period from (jerm} nation to /loiarinip 

The length of the time between germination and flowering is. on the wlioh', a 
very constant character, that is to say, the relationship as to earliness between 
different strains is maintained in seasons of very different cliaracters, and wuthiii 
the strain the jdants differ very little in this feature. It must bo made clear, how^- 
ever, that an early flowering ty])e is not vecrssarili/ an early ripening type. Our 
study indicates that though a type may be late in flowering yet it may ri))en almost 
at the same time as one whieli flowered much earlier. This is important, because 
the need is felt for ty])es which can be sow’ii late, and yet can be relied upon to 
mature the grain fully, and the inf rodiictioii of varieties like iSliolapnri and Khaplatio- 
Nialo is largely due to their advanfage in this respect. 

The average flowHU'ing period has been wwk(‘d out. in connection w’ith the figures 
wdiich follow, by counting the munber of days from the g(*neral date of germination 
to the flowering of a number of individuals, and then taking the average of the figures 
so obtained. The actual figures for ten strains of jowar and for the local mixed 
Perio variety at Surat are shown in the following Table. The figures for 1926-27 
are not entirely comparable as the stand of plants in that year was very irregular 
owing to excessive rain and to borer attack. 


Table XX. 


Period from germination to flowering in Siirat jowars. 


Strain 

Avkbage numblu of days from germination to 

FLOWERING 

1923-24 

1924-25 

1925-20 

192C-27 

A\ crape 
1923-20 

Alihan Deshi 6 .... . 

114 

100 

101-5 

125 

105-3 

Budh Ferio 7 ..... 

115 

104-5 

107-5 

141-5 

109 

MoniTimbciwal , .... 

118 

105-5 

111 

144 

111-3 

Chapti 8 ..... . 

no 

104-5 

111 

145 5 

liO-5 

Bholapuri 1 . . . ... 

121 

105 

]07 


111 

Budh Ferio 40 .... • 

112 

92-5 

9S 


lOU-S 

B^^dh Ferio 53 

, . 


119 

137-5 


Telia Chapti 24 . 



120 

115 


Tdia ChajUi 20 .... . 



120-5 

145-5 


Bholapuri 18. 

. . 


1 10-5 

145-5 


Local Ferio Jmvar at Surat tnn in . 

123 


119 : 

130 
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Those figures clearly indicate that tlie order is very closely maintained in the 
first three years, which alone are comparable, for the reasons already given, and 
that thus the character is definitely a hereditary one. Sholapuri types, when grown 
under identical conditions, a e not earlier than the Perio types. Tliey will, however, 
flower normally if planted late which many of the Perio types fail to do. 

The plants within a strain show that there is a distinct )f(yatirv correlation of 
earliness with high yiidd though the extent of the correlation varies much from yeai 
to year and in 1920-27 disap])ears in some cases, possibly owing to the irregular and 
unusual conditions of cultivation in that year. 


Table XXI. 


dorrelation, witliw fif rains, between early foweriny and gram yield. 


strain 

(V)*LFH('1LiNT of ( OKKhLATION OF lOAKLY FLOW mi- 
ING WlTir YIELD 

192,3-21 

J 924-25 

1925 20 

1920-27 

Althan In '^hi (i ..... 

o-04±()-no 

l)-r>9±0-(r) 

O-OOdKO-04 

0-2S4o-(m; 

liydh Peri a 7 


0-10 1:0-07 

0-22 tO-00 

0-l8i 0-01) 

Tiinhfurn 7 .... . 


0-.32:l 0-05 

0-33 ±0-00 

0*,32 1 0-OS 

Chapli 8 


0-71 LO-03 

0-00 -L 0-01 

o-L)+eor) 

Sholnimri 1 ..... . 


0-2.5 i 0-07 



Budh Perio 




0-304000 

Tflia Okapti 24 ..... 



0-31 LO-01 

0-41 too.j 

Telia Cluipli 20 ..... 



0-3 Idb 0-00 

0-59-1 0-05 

Sholnjniri 18 



0-18.1- 0-01 

0-24 -L 0-00 

1 


//. The length nf the rachis. 

The earhead characters as a whole are, as would be expected, very much more 
constant than the vegetative ones. Iflie length of the rachis, which determines very 
largely the general appearanct* of the earheads. varies, in fact, very little from season 
to season and would be expected to be definitely li(‘reditary. It has been measured 
from the scar of the lowest branch to the tip from which a large number of 
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branches arise. The actual results of such measiiromeiits are shown in the follow- 
ing Table : — 

Tablk XXIT. 


Length of rachis in Surat jowars. 


Strain 

AvKii\aK 

LENQTir OP TN OENTIMETERS 

1023-24 

1924-25 

1025-20 

1920-27 

Alihan De^hi C) . • 

7*9 

■mi 

S-3 

91 

Hudh Perio 7 . 

, . 


10-2 

9*5 

Moni Tiwberwa 7 • 

8-S 

H-9 

9-2 

S-9 

('hapii S . 


7-7 

7-7 

8-1 

Shota pvri 1 ..... • 

11-2 

13-0 



Biulh Pirio 53 . 



11-2 ' 

11-5 

Telia Chapti 24 .... • 



10-3 

loo 

Telia Chapli 20 



11*2 

10-5 

Sholapitri J8 . 



15-7 

15-1 

Local Perio Joimr at Surat Eanii 

9 0 


9-3 

l()-3 


The relation between the different strains is almost similar tliroiighout. Tn 
192d-27 there is an exception in the case of JIthan Jh'sJn (I and Mom Tinibcruui 7, 
but the differences in s])acing that year d(‘prive this result of mucli value. The 
general agreement, however, mahes it ceitain that we are in face of a genuine here- 
ditary character only modified to a limited extent by environmental conditions. 

Within the strain, the longer rachis gives the higher yield, aiifl there is. as would 
be expected, usually a high correlation between these two. Selection for high 
yi(dd by picking the longer heads is justilied by the following iigures : — 

Table XXII F. 


Correlation, within strains, between length of rachis and grain gield. 


Strain 

(Jo-T-FFTCTbST OP ( OllKELATION OF RACHIS LEN(.TH 
WUTH 'S IH,1) 

1923-24 

1024-25 

1925-20 

1926-27 

Alihin Dcdii 0 





085 1-0-93 

0-57 1 00.5 

0-38 J 04)0 

0-21+0 09 

Bvdh Ptrio 7 . 






0-55 LO 05 

0-.59 4:04)4 

0-41+0415 

Moni Titnbo'iva 7 






0-74 L 04)3 

0-71 +04)4 

0-58 LO-00 

Chapli 8 . 






0-57 i-04)5 

0-.50 1 04)8 

0 47 04)0 

Sholapioi 1 






0-30 L0 07 



Jhalh P<r\o 53 . 







04‘)9J 0 01 

0-.53 + 04)5 

Telia Chapli 24 







04)1 1 04)3 

0 91-- 0-01 

TeJia (^hapti 20 







(>•8110 02 

0-72 0-03 

Sholajivri 18 . 


• 





0-581:04)7 

0-42 0-05 
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/. The densilij of branches on the rachis. 

The nninbor of brancbos on the raehis is determined in any case by counting the 
number of branclu's from ])ase to th»' tip. There is liable to be a. little confusion 
near tlu' ti]), but in the measurement adopted, a braiu'h liaving two branchlets of 
spikelets is nevertlieh'ss eonsulered as one brarn'li. The most useful figure, however, 
is not the total number of luanehes but the number per unit lengtli (say per 10 cem 
timet(‘rs) or, in other words, the density of branches on the earhead. 'Hie actual 
figures in this connection in a series of strains are as follows : - 

Taule XXIV. 


Dell sit if of branches in earhead. 
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dense earhead, that is to say, a large number of branches in an earlioad, means a 
liigh yield. 

The number of seeds per braiudi of the rachis varies much from season to 
season, especially with some types. Records are only available in a few cases, but 
these have given the following figures : — 


Table XXV. 


A f I mhi^r of seeds 'per hnuieh (f rtirhis. 


Sli.ua 

Avian(ji: mmi.i.p. or .sj, 

r.Ds I'l.ii i: \( lus DPANfai 

nrjaA.*r 

1021 2“) 

102.‘;-2r, 

1020-27 

Alihan Dr.^Jii 0 ..... 

22 1) 

2:j-s 

20-r) 

2S4 

JJinfh Pi rio 7 . 


181 

l‘)-7 

220 

Mont Tinibirwa 7 .... . 

lot 

22-G 

21-1 

2 7) ’I) 

( haeti • 


2.'>*5 

20 -U 

22-7 

S/i()htjni)l 1 ..... . 

21-8 

2e-') 



JJudfi Ptrio iil) 



lOO 

2:M) 

'L\lia ('hapll "IX ..... 



2:L7 

.214 

Tdia Chapfi 2i) 



0)-S 

2!»:i 

Sholnpuri IS . 



21-0 

2S-.^> 


It will be seen that lli<* high number of sc(m1s per l)ranch is maintained in Alilnu* 
Ikshi f), and the number in Hodli Perio 7 remains low throughout, others an* very 
variable ind(‘cd. 


J . The eliiiraeter <f (he seed. 

(a) i^eed urujliL It may be noted, iirst, that the seed WTight varies on the same 
earhead, the seed at the top being generally the }ieavi(‘st, tlu' middle ones coming 
n(‘xt, and that at tfu* base laung the lightt'st. This is illiistratcal by tlu‘ folhjwing 
figures, being the w'cight of 1, ()()() grains in lt)'jr)-!>(), from various parts of the (‘ar- 
head in a number of strains. 

Top of earhead (Ki per cent, of total) IX !) grams j)er 1,000 grains. 

Middh* of earhead (57 j)(*r cent, of total) 17-7 grams per 1,000 grains. 

Base of earhead (‘J7 per cent, of total) grams per L,0()0 grains. 

Average. IG-b grams per 1,000 grains. 
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Taki?ig tlie avcraj^e weight of the seeds from the whole heads by counting 2"^ 
grains of seed, tlic following figures liave been obtained : — 


Table XXVI. 


Weitjhf of seeds in Surat jowars. 


SI rain 

Weight of 

l.OIKJ .SEEDS IN GRAM.S 

1923-2 1 

l924-2.'5 

192.7-2(i 

1926-27 

Avorngo 

I92:t-2(> 


frrni. 


grm. 

grm. 

grrtr. 

Ahhan DrAii G 

371 

43-(> 

30-1 

.)2-3 

3()-9 

Jluith Pd iol 


12-7 

.3()*7 

4()*0 


Motn Tinilnm'd 7 . 

37-3 

4.0*3 

.33*9 

49-2 

.3H-S 

(lntf)\i <S ..... . 

IS 9 

.')3*9 

39*3 

.31*7 

17-3 

Shohtjniri I ..... 

33*1) 

39 :> 




Jiudh Pt rio .').*! ..... 


17*0 

31 3 

.■•)7*S 


Tflia Pfinph 2\ ..... 


4SI 

27*2 

.‘)3*l) 


T(li(t Chapti 


r/.n 

32*3 

4()*() 


S hole pun IS 


4i)ii 

.32* 1 

17*1 



IIov'oikI the hiet that tlie Sholajinn types are light seeded and the i^hapli types an‘ 
lieavy h(‘a(led, tlien* seems litth* regularity in these figures. The actual relative' 
size' of se(*(l seems to be fai more under the intluenee' of the environment of tlu' p.irti- 
cular season than to be (h'termmed by hereditary infliK'iK'es. Kxeejd in the broadest 
sense, th(*re sei'iiis little reason lor supposing that because a ty])e gives a large soecl 
one year, it will give a large seed in another year under different environmental 
conditions. 

(/;) Seed size and nnijonnihf. 4’his has been measured in two ways, namely. 
(1) sieving not h'^s than five pounds of the sei'd through siev(*s having round holes 
3 millimeters, [ millinu'ti'rs. and o millimct(*rs in diameter. TIkj seed sh'ved is 
th(‘n W(‘ig}ied and the average grade ol the sam})le calculated from the percentage ol 
grain under diilVrent lu'ads. (‘J) by the use of tlu' ‘grain tester’ which (Uiabh's 
1h<‘ weight ])e^ buslu I to be detcrniinc'd on a small sample. 

'Phe results l)y each of tlu'se methods in tin* saine lot of seeds, of four strains, 
in l‘)2o“‘2() weie as follows. Tin* a\erag(‘ grade of seed means the diameter of the 
circular hoh's in the sieve tlirougli wdiich the averagi* seed w^ould just pass, f ho 
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^rain tester reading means the volume in cubic centimeters of 150 grams of grain 
filled by pouring gently into the measuring vessel. 

These are compared with the weight in grams of 1,000 seeds : — 


Strain 

Chain values in iy25-2(i 

Avera^n ^ladi* 
of 8ce<l 

(irain Tester 
ivadinj^ 

Wei}»ht nf 
l,(M)0 seeds 


miu. 

c.c. 

grains 

Alihan Deshi Q. ..... 

407 

127-2 

.30-1 

Bu/ih Perio 7 . 

4 m 

129-5 

3U*7 

Bttflh Perio />.3 ...... 

4;io 

127-3 

31-3 

,i}wlapnri 18 ..... . 

4-23 

129-S 

32- 1 


The methods do not agr(3e witli one another, and indicate that tlie grain tester 
is determining something wliieh is not entirely (le})endent on grain size or grain 
weight but also on the eaf)aeitv to paek closely. 

So far as the average* grade is concerned, the order of siz(‘ in tlu' sccmI for which 
wt‘ have records for thre(* years or more is very lu'arly the same in eacdi year, as the 
following Table shows : — 


Table XXVI. 


ArcrUffc site of (jrants in Hnraf jo inu's. 


Strain 

.VvKRViJE (;r\i>e of slJ.O 

1923 24 

1924 25 

192.7-29 

192<; 27 


mill. 

min. 

mm. 

mm. 

AllhoH i)( \hi a ..... 

4-38 

443 

4 07 

4-72 

Budh Perio 7 ..... 


14.7 

4 4.7 

1 *.73 

^1(01 { 'fiwfxriva 7 • 

447 

4-49 

4-37 

4-92 

Cfuipli 8 . 

1-92 

1-.72 

449 

4-99 


The only changi' in order is in 1925-27 when, as already explained, there was some 
irregularity in planting. Tin* size of the seed is, in fact, a hereditary quality, modified 
eunsiderably by the conditions of any particular season. 
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The grain tester results, which represent the volume per unit weight, are also 
characteristic of the strain in the same sense, as the following figures show : — 

Table XXVII. 

(hain tester readings in Surat jowars. 


(rRAIN TESTS READINGS 


»Stram 

192:1-24 

1924-25 

1925-26 

1920-27 

AlOmn ..... 


121-5 

127-2 

121-:i 

Jiiidli Puiol 


124-2 

129-5 

126-7 

Mom Ti tuber wa 7 .... . 


121-1 

129-0 

127-5 

(Utapli S 

i:i0-8 

127-2 

i;u-8 

12S.7 


It Will 1)0 noticed that the highest figures with all strains are obtained in the diy 
season of 1920-20, and in this year, it may be noted, tliat the grains were the least 
plump. 

(c) Seed characters. Most of the seed characters such as colour, texture and 
shape appear to be fully constaiV and reappear from year to year in pure line ciih 
tiires. The variation of strains selected from any variety are shown below, w9i(‘i«‘ 
the characteristics ot selections breeding true an' given. 

Tamle XXVIll. 


(%u'actci istics of seeds of Surat jowars. 


8l(uins 

(V)lour ot seed 

Texture of grain 

Shai)<5 of gi ilia 

1. Perio 




Alihan Dc'>hi 0 . . . 

Wll owls'll 

TIaid . 

Round. 

Jiudh Peno 7 . . . 

Do. . 

Do. 

Do. 

Mom Timhtiwa 7 . 

Pal<* Nclkmish 

bhghtly Jes hard 
than abo\ e. 

EUt with gloss and 
lustre. 

Pndh Puio 10 . 

l\iU- yelliiwi-ih Avilli 

I eddish tijis. 

llaid . 

Round. 

BudhPuioriW 

Whitish 

Do. . 

Round and plump. 

Hiidh Ptrio 26 

l\iU‘ yclhnMsh 

Do. . 

Round. 

Jl. Chapli types 




(Jhapti 8 . . . . 

White . 

Soft 

Rig and flat. 

T( ha (diapU 

LVaily white . 

JLud . 

Very Hat and lug 

I'l ha Chaph 26 . 

Di\ , 

Do. . 

Elat and hig. 

Hi. Bholapiir' typi i. 




tSholapnrl 1 ... 

Diillwhito 

D. . . . 

Round and plump 
with wavy consti ac- 
tions on .surlace. 

Sholapun IS. 

Tale \cllo\\i&h . j 

T>(). . 

Round and plump. 
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Variahhty among slrains of Hurat jowarn. The variability of tlie plants ^rown 
from selfod seed in any year is a nieasure of |)iirity, for tlie variability of a pure type 
should remain similar from year to year. And, further, a study of the variability 
enables those characters to bo determined, which are least variable*, or. in other 
words, which are most chaiactcristic of the type. 

Among the charact(‘is studied tin* haist VMi'i.ible in «dl tin* strains aie ( 1) tlnj 
period from germination to llowering, (2) the length of the racliis. The ])ur(*ly 
vegetative characters (like plant height etc.) aic viay vaiiabh*. tar more so than 
the eartiead characters like the h'ligth of the rnchis or the number of ])ranchcs in 
the earheads. Some tyj)es like Mon! Tnnheura 7 or Chapfi 8 S('em moi’o variable 
than others like Badh PrnO 7, tlnnigh tln^ variabilitv remains similar from year to 
year. 

The variability is bc'st ex])ress(‘<l by th(* co-etheient oi variation within the strain, 
and the following table shows (he, aveiage for threi* vimi.s tor four strains. The 
cases where only two years' rec()ids an* in hand an*, not givt*n but they are of a 
simitar order to those shown - 

Table XXiX. 


Variabililg of chanivicrs in shams of Bniaf joinirs. 


Lharaefers 


( V>-i 1 1 f( !iA r 

Ol VAKUTIOV 

AUhtin 

Jh All a 

lind/t 
l\rio 7 

Moiii 

Tiftihtnra 7 

Chnpfi S 

!. Plant height ..... 

14-1 K)-7 

1(K") 1 O-.j 

15-0 0*0 

1 4-2 t 0-9 

1 *. Leaf uToa per plant 

21J . J-1 

21-! M 

2b*4 . 1*5 

22SLI-4 

Stein thickness ..... 

lai. 1 0-7 

]2'7.} om; 

l.VvS t 0-3 

ir)'2Ji0-9 

k Number of inleinodes .... 

0'7 0- { 

0 .“> 0* 1 

1 1 •.■) e 0 0 

9-8 t 0-7 

o. Ihijs fioin geimination to floueiing 

a 2^ 0-2 

iMi-O-l 

3*0 < 0-2 

2-SL0-2 

<■). Length of racliis . 

7-r)Jrl»'t 

OMla 0 1 

0 7 10 r, 

11-2 0*7 

L Number of branches on lacliis 

10 7 ' 0\) 

1 4 0 0-7 

10 H O") 

IG-Sl 10 

k. S( cd A\ eight ..... 

14 0 . 0-7 

lO-S 1 0 .“) 

ll-G-1 0-G 

10*4 1-0-8 


Yielding capacihj among shains of Snral joivahs. Tn judging the yielding capa- 
city of a strain, and all selections made in connection with tin* wmrk under record, 
three methods have been us<*d. 

The first of these is in single rows, threi* lect apart, e.ich composed of about 
*'^ixty-five plants, sown, by dibbling, direct with the produce of self- fertilized 
heads, the dibbles being placed at intervals of eighteen inches. The percentage 

D 
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stand of plants finally obtained is noted, the actual yield is recorded, and th. 
theoretical yield for the full number of dibbles is calculated. 

The second is to obtain the yield from replications of four lines each in cum 
parison with the local jowar. The yield figures are used as actually obtained .h 
the difference in stand of ])lants is negligible. 

The third is to record the yield in portions of the large area devoted to s(‘cd 
multiplication on tlie Surat Experimental Station. 

Taking all these into account, the yields obtained for a series of strains for t^\( 
or three years are given below. The yield figures for 1920-27 have not been taJo^i 
into account in working out averages as the stand of plants that year \vas not cvmmi 
for reasons alr(^ady described. 

The yield of a number of the strains in 1921-25 and 1925-20 was calculated ])\ 
the first method only and these cases have been noted : — 


Table XXX. 

Yield per acre of shams of Sarat jowars. 


»Stiain 

Yilld per acre ojj grain 

1023-21 

1024-25 

1025-26 

1026 27 

A\( rui 
1023-27 


lb. 

lb. 

lb. 

lb. 

lb. 

I. Perio ty]H\s. 






1. AHhan De^hi S . 

1,073 

043 

030 


0^1 

2. Budh Perio 7 , 

l,07.-5 

076 

009 


0S7 

3. Moni Ttmbinva 7 . . . . 

070 

1,001 

688 


010 

4. Pudh Perm ,^>,3 


1,224* 

028 

1,131 


li. Bitdh Perio 26 . 


1,144* 

762 



7. Local Peno Jowar Smat . 

710 

014 

ms 

0(U) 

7,10 

11. Chapa types. 






1. ChapU 8 . 

1,006 

1,061 

660 


030 

2. Telia Cfmpti 24 .... 


1,403* 

741 

1,151 

» • 

3. Telia ChapU 2() .... 


1,374* 

673 

1,296 


4. Local ChapU Jowar Surat . 

846 

1,038 

520 

003 

8(U 

ill. Sholapnn ty 2 )es. 






I . iSholapun ] .... 


1,001 

840* 



2. Sholapuri IS . 


j 302* 

734 

1,276 


3. J^ocal Pholapuri Jowar Smat 


U4 

573 

000 



♦ Yield flora the lii&t method (in single rows) only. 
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As regards these results, it will probably be only safe to draw conclusions from 
those cases where proper records from three years are available. Taking the average 
of the three years, we have among the Perio types, Alihan Deshi 6 giving 34 6 per 
cent, higher yield than the local Jowar under exactly similar conditions, with a 
very small variation from the mean ; Budh Peno 7 is slightly better, on the average, 
than the last giving an increased yield of 35*2 per cent, more than the local Joivar. 
The variation from year to year is, however, somewhat greater than in the last case. 
Motti Tunhetiva 7 does exceedingly well in the very favourable season, for growth, 
1024-25, but fails badly in the dry season of 1025-26. On the whole, it gives 25*9’ 
per cent, increase on the local Jowar, Bmlh Perio 53 is of still greater promise, 
but the results are not sufficient for final conclusion. 

Among the Chapti typos it is only in Ckapti 8 that we have material to judge 
the value of the selection made. Here we have, on three years’ average, an increas- 
ed yield of 17*2 per cent. The Telia Chapti selections promisi' to be still better. 
No final conclusion can be specified regarding the Bholapaii types, but one at least 
promises w^ell, and will probably give over 20 per cent, increase of yield. 

In general, it seems as il, by simph* selections, an increase in yield of grain of 
tw'enty per cent, or thereabouts can usually be obtained in a crop as highly mixed 
as the Surat varieties of Jowar liesides the extra valu(‘ which is given for the more 
even grain obtained from a single ])ure strain of the crop. 


Description of certain puke rred strains of Surat Jow’ar 

The characters which differentiate the Kharif Jowars of the Surat District from 
one another have lieen already described. But the discussion which has followed 
has showTi that all the recognisetl variidies of the crop are mixtures of strains, wdiich 
differ from one anotluT by characters of direct or indirect economic importance, 
and which breed true. These strains are, however, not merely mixed. They have 
crossed with one another to a very great extent, and few, if any, of a pure charac- 
ter now exist in cultivation. Any attempt to make a permanent improvement 
in yielding capacity, or even to fix a type wdiich shall approach near to the ideal 
for this District, must be commenced by the isolation ol such pure strains breeding 
true, which can be used as the basis for establishing types or of making crosses with 
other varieties. 

It is now proposed to describe ten such pure vstrains, five belonging to the PeriOy 
three to the Chapti and two to the Bholapari variety, in order to indicate the range 
of variation in the variety and also the fluctuation within the strain itself. They 
are only a few examples from a large number of strains isolated, and they are simply 
described as examples, for the purposes above indicated. The figures of growdh 
etc. are comparable between the strains and are obtained at Surat. 

The five strains Althan Deshi 6, Budh Perio 7, Morii Timberiva 7, Chapti 8 
and Sholapuri 1 were isolated in 1922-23 from types growing on the Government 
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Farm, Surat, and hav(' been ji^rown from self-pollinated seeds ever since. Selec- 
tion 10 was selected in iy22-:^3, and has been grown from self-pollinated heads 
sinc(‘ 1923-21. The remaining strains have been isolated from a number of 
sam])les collecied in 1922-23 in the Bardoli and diorashi talukas of the Surat 
district, aiul the adjoining areas of the Baroda State, and grown ever since from 
sclf-pollinat('d seeds. 

(1) Budh Perio 7. 

Ihihit of (/mwth and vvijetatirc characters. This type is tall, grows vigorously 
an<l continuously. Th(‘ int(‘rnodes are long. The leaves arc longer and nairower 
than thos(* of Alihan Deshi 0 and Moni Timhenva 7. They«irc hairy at the ti])s and 
the midrib is greejiish. The si(‘m is thicker than that of Alihan DesJu 0. The 
h'af are<i is relatively high. 


Year 

Average 

lu ,oht 

Average 
no. of nod* ^ 
in stem 

Average 
st(‘m 
till! knoss 

Average 
leaf area 
per plant 


cm. 


nun. 

sq. cm. 

102:1-1.4 

lla 

13 

3S-8 

3,1)00 

1924 2:) 

171 

10 

3S 9 

4,l(j() 

102r)-2(; 

17S 

IS 

140 

5,920 

192(i27 

104 

11 

1 

50-3 

1 4,090 


Fhnccrinij habit and dauaiicr of inllorcsccncc. The average number of d.iys 
from germination to flo\Neriug was: -1923-21 — 115 days; 1924-25 105 days; 

1925- 20 -107 da> > ; 1920-27 111 days. The last is not comparable with the 
others. The shrivelled anthiTS an* brown, the stigma app(*ared 20 hours before 
the Imrsting of the anthers in 192()-27. The p(*duncle is long and (*urved. 

Karhcad character. The heads arc* com])act, bulging in the middle, and are blunt, 
with a characteristic narrow depression lielow the tip due to shorter l(*ntli of two 
or thr(*e whorls bc’low the List, and the relatively long branches at the tip. ^The 
length of rachis is long for such a com])act type, and has been as follows 1921- 
25- 9*2 cm., 19*25-20 - 10*2 cm.. 1920-27 9*5 cm. The number of rachis branches 
is high, being second only (pt'r unit length of earhoad to Hudh Perio 53. The num- 
ber per 10 cm. length A rachis has ])een as follows : - 1924-25 -88 ; 1925-20—102 ; 

1926- 27 -111. The number of seeds per branch is small, less than any other Paio 
type, as follows : -1921-25 -18*9, 1925-20 19*7: 1926-27 — 23*9. 

Seed character. Tin* grains are yellowish, hard, and round but are light in weight, 
1,000 grains weighed 42*7 grams in 1924-.L5 ; 30*7 grams in 1925-26 ; and 16 grains 
in 1926-27. .A? is usual with compact types, the seeds are not very uniform. The 
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average grade has been in 1924-25 — 4*45 mm. ; in 1925-26 — 4*15 mm, ; and in 1926- 
27 — 4*53 mm. 

(2) AlthanDeshiG. 

Habit of growth and vegetative characUrs, This type is rather medium iu height, 
])articuhirly the top five inteniodcs which are very short. The stem is also rela- 
tively thin. The leaves arc shorter and broader than those of Budh Perio 7 and 
have rather less leaf area per plant. They are hairy at the tips and the midrib is 
ereenish. The waxy coating on the sheaths is well developed. The colour of leaves 
is dark green. 


1 

Year 

Average 

h(‘ight 

xVverago 
no. of norlcN 
111 ‘^toin 

Av crage 
stem 
thicknes® 

A\ or.igo 
leaf ai«*a 
pci plant 


cm. 


mill. 

s(j. cm. 

n)2:t24 

IL) 

13 


3,040 

1!)24.25 

10)3 

10 

38- 1 

4,000 

i!)2r,.2r) 

m 

18 

42-4 

5J27 

1020-27 

m 

13 

o0-9 

1,373 


Flowering habit and character of inflorescence. The average number of days trom 
germination to flowering was: — 1923-21 — 114 days; 1924-26 — 100 days; 1925-26 — 
101 days; 1926-27 — 125 days. The shrivelled anthers are ytdlow. The number 
of p(Mlieellod flowers with anthers is the highest. 

Earhead rharacters. The heads arc very compact, of moderate size aii<l less 
hlunt than in Budh Perio 7. The peduncle is eurvetl and short. The lengtii of 
raehis is the shortest in Perio strains, being only slightly longer than that of Chapti 
It has been as follows : — 1 923-2 1--7'9 cm. ; 1921-25—8*1 cm. ; 1925-26—8*3 
<*m. ; 1926-27 —9*1 cm. The number of raehis branches is moderate, the number 
per 10 cm. length of raehis has been as follows : -1923-21—93 ; 1924-25 — 89 ; 1925- 
26- -94 ; 1926-27 — 93. The number of seeds per branch is highest, particularly in 
ri'latioii with the short length of the branches. It has been as follows *. — 1923-21 — 
22*6; 1924-25-23*8; 1925-26—26*5; 1926-27—28*4. 

Seed characters. The grains are yellowish, hard, plumi) and round. The seed 
weight is similar to that of Budh Perio 7 and 1,000 grains weighed 37*1 grams in 
1923-24 ; 43*6 grams in 1924-25 ; 30*1 grams in 1925-26 ; and 52*3 grams in 1926-27. 
As is usual with the compact types, the seeds are not very uniform. The average 
grade has been in 1923-24 — 4*38 mm. ; in 1924-25 — 4*43 mm. ; in 1925-26—4*07 
mm. ; and in 1926-27 — 4*72 mm. 
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(3) Budh Perio 40. 

This was selected from hirm jowar for earliiiess and m9st of the cliaia(ter? 
reveal it to be rather nearer to the type of Nialo jowar than to the Perio variety. 
It has been studied only for the iirst two yeans. 

llahii of growth and ccgetaticv characters. This type is short and thin and pio- 
diie(‘s few node's. The leaves are long and very narrow and have the smallest leai 
area of all the Surat isolated. The leaves an* almost glabrous and havo 

green^h midrib. 


Veat 

Average 
t()t.il height 

A\ erage 

IK), of iiodesi 
ill stem 

Aveiage 

stem 

thickness 

Av(‘i ige 
leaf IK' j 
pet plmt 

1023-24 

cm. 

loa 

13 

mm. 

300 

( m 
2,3S() 

1024-2'') 

WA 

k; 

.32-0 

2,031 , 

i 


Flowaing habit and character of InJIoici^ccnce. The average number of d.ivf 
from germination to flowering is the lowest and has been in 1923-!2l— 112 da vs aiic 
1921-25- 95 days. Tin* shrivelh'd anthers an' red. The number of p(Mlie('ll<M 
flowers with anthers was very small. 

Eaihcad characters. The heads are semi-eompaet, of moderate size and <dniov 
cylindrical in shap(' with long straight pc'duncle. This has not been stuJit'd ii 
details as it is a low yielder. 

Eccd cha meters. The grains are whitish yelhnvish wdth reddish tips, hard, am 
round but small. 

(4) Moni Timberwa 7. 

This type w^as originally seh'cted from a local sample ot the famous localil^ 
Moni Timberwa n*nownod for the best cjuality of grain. 

Habit of growth and vegctaticc charactfts. This tyj>e is intermediat(* in lu'iidi 
between Budh Perio 7 and Alihan DcHu b with thick stems. The leaver an 
longer and broader and thus have tin* largest leaf area per plant. Tin* leavt'> an 
hairy at the tips, the rminber of hairs being large and the midrib is greenish. 


Yeai 


Average 
no. of nodes 
in stem 

Average 
stem 
thi( kness 

Average 
leaf an L 

1 ei ])lant 

1923-24 

cm. 

126 

13 

mm. 

36*2 

s(|, cm. 

3,641 

1924-25 

1G5 

16 

41-1 

4,70s 

1925-26 

156 

is 

44-3 

5,S23 

1926-27 

81 

10 

46-0 j 

3,284 
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^ This typo gives less tillers after harvesting and sufl’c'rs badly in dry years. 

Flou'Ciituj habit and cJauacltt' of injlnn svence. ^riiis is rather a ]at(i lloxsering 
ty])o. The average number of days from germination to ^lo^^ering was:—lD*J3' 
118 days; 1921-25— 105 days; 1925-20— 111 days ; and 1920-27-111 days. 
The last is not comparable. The shrivelled anthers are ydlow. 

Earlicad characters. The heads are less ( ompact than of Budh Perio 7, are of 
moderate size, with basal spikes projecting. The lengtli of raehis is shorter than 
that of Budh Perio 7 and has been as folIow^s : -l92o-2 1 — 8*8 em. ; 1921-25— 8’9 cm. ; 
1925-20—9*2 cm.; 1920-27— 8*9 em. The number of raehis branches is less than 
Budh Perio 7 but greater than Alt ha u Deshi 0, while .iverage munber jjcr 10 cm. 
length is less thaii in Alihan Dtshi 0, indicating l(‘ss compactness of the heads, it 
has been as follows 1923-2 1—88 ; 192 1-25-83 ; 1925-20- 90 ; 1920-27—95. The 
number of seeds per branch is low, being uidy gr(‘at(‘r than in Budh Perio 7, as 
iollows:- 1923-21—19 1; 1921-25 -22 0; 1925 20- 21*1 ; 1920-27—25 0. 

Bced characUrs. The grains are ])ale yellowish, Hat, and big with good lustre 
and arc uniform. It is less hard than in pr(‘\ious sti«iins. These grain cliarac 
ters, size and lustre, aie maintained in dry year, but wlnni sownr late dtderio- 
rate ; 1 ,000 grains weighed 37*3grainsin 1923-21 ; 15*3 grams in 1921-25 ; 33*9 grams 
in 1925-20 ; and 19*2 giams in 1920-27. The average grad«‘ has ]>eeji in 1923-21 — 
1*17 Him. ; in 1921-25 — 4*19 mm. ; in H^25-20— 1*37 mm.; and in 1920-27 — 1*02 inm. 

(5) Budh Perio 53. 

This was seh’cted in 1923-24 and was grown Irom sellVd heads since then. 

Habit of (jrouih and ntjilalive clianutiia. This type is shorter than Budh Perio 
7 but has the thickest stems. Tin' leaves are large and the loaf area per i)Iant ie 
in some years the highest among all our strains. The l(M\es are sparsdy hairy 
and are drooping. The midrib is gret'iiish. 


Year 

Am iag(' 

1r i^lit 

Am 
no, of 

111 stern 

Asuiago 

.stem 

tllRkllCsS 

A\ erage 
leaf aica 
per plant 


tm. 


mm. 

Bq. cm. 

J!»25-2(i 

151 

I!i 

ino 

5,505 

1 1)20-27 

150 

H 

00-1 

c,onj 


Floivciing habit and Jiaracter of injloresa nec. It has the late How (‘ring habit, 
though it rip(‘ns at the same time as other strains. The averag(' number of days 
bom germination to (lowering was 119 days in 1925-20 and in 1920-27 was 138. 
The shrivelled anthers are red. The stigma is also pinkish. The inllort'scence 
when out from flag gives a flattened appearance on both sides. 
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Earlfcad rharmiers. The lieads are long, semi-compact and are the biggest 
among the compact and semi-compact tyj)es. The basal spikes are projecting. 
The length of rachis has been as follows : - 19213-26 — IL'2 cm. and in 1926-27 — 
11*5 cm. Tiie number of racliis branches is very high. It is also very high per 
unit length of carhead, the number per 10 cm. length of rachis has been 85 in 
11)25-26 and in 1926-27, 115. The number of seeds ])er branch is small. It was 
19 in 1925-26 and in 1926-27 it was 23*6. 

Sml vharaefers. The grains are whitish round plump and hard. The seed 
weight in ordinary seasons is heavier than that of the strain last described. 1,000 
grains weighed <17 grams in 1921-25; 31*3 grams in 1925-26; and 57*8 grams in 
1926-27. The average grade has been in 1925-26 — 4*30 mm. and in 1926-27 — 
4*58 mm. 

(6) Chapti 8. 

Tlie dcscrij)ti()n of this type is the representative of the Vhapti variety. 

Habit of (jroivth and icgefafive characters. This type is of the same height as 
Moni Timberwa 7. However, the stem is the thinnest, being only thicker than 
Selection 10. The leaves are sj)arscly hairy. The tips of leaves are very sparsely 
luiiry, and the hairs are s(‘en towards the midrib. The midrib is greenisli. 


Yc‘.‘ir 

A\efa^c* 

height 

Average 
no. of nodoB 
in stem 

A\ crage 
stem 
lhiekneB.9 

l^c'af ai ea 
per ptnit 


f m. 


inm. 

?([. cm. 

102:t24 

142 

11 

3S-2 

3,005 

1021-25 

loa 

10 

3S-3 

4,117 

1025.20 

131 

17 

37-1 

4,270 

1020-27 

01 

11 

430 

3,340 


Fbm'i’rini/ hhbit (unl ehataetvr <f inflorescence. The period for flowering is the 
same as that of Bndh Pcrio 7 or little late. The average number of days from 
germination to llowering was: 1923-21— 116 days ; 1921-25 -105 days ; 1925-26 
—111 days; and 192()-i7 145 days. Th(‘ shrivelled anthers are whitish yellow. 

The numfier of pedicelled llowcrs with anthers is very low, even less than in Bvdh 
Pcrio lO. I3ien‘ are no hoiniaphrodite flowers with two stamina tc flowers attached. 
The peduncle is curved. 

Karhead cliarihctcr^. The Jicads are of moderate size and are semi-compact 
as though they are compact at the base, they are slightly loose at the top and 
broad and buiging at tin' l)a-f\ The length of the rachis is the shortest among all 
strains and has been as follows : - 1921-25 and 1!)25 -*jC 7 7 cm. and 1926-27 — 8' 1 
cm. The number til iMchi'^ branches h al o the least among all strains. How- 
ever, as the rachis length is short, the luimbe of branches per unit length seem 
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moderate. It has been per 10 cm. of rachis length : — 1024-25--71 ; 1025-2G — 75 ; 
1920-27 — 80 cm. The number of seeds per branch is low and has been as follows : 
—1924-25-25 5; 1925-20—20; and 1926-27— 22*7. 

Seed characters. The grains are milky white, flat and big and soft. It has 
the heaviest grains nd the weight is comparatively maintained whatever may b^ 
tlie nature of tlie seasons. 1,000 grains weighed 53-9 grams in 1921-25; 39*3 
grams in 1925-20 ; and 51’ 7 grams in 1920-27. The average grade has been in 
1923-21—1 02 mm. ; in 1921-25 4-52 mm. ; in 1925-20 -k 19 mm.; and in 1920-27 
—1*99 mm. 

(7) Telia Chapti24. 

Tliis type is a selection from (lie variety ‘‘ 7V//a whieli has (lat seeds, 

yet they are hard and pearly yellow, and fetelies the liighest jjrice. 

flahit nf firntrfh and eeijntalire characters. This ty|)e is dwarf in habit. bf*ing 
('V(*n shorter than Alihan Deshi 0. The stems are thick ; it looks very leafv as tlu' 
h'aves are broad. Tlu* leave's an' nearly glabrous and liavi* gn'cni'ih midril). 


Year 

A\(*raj];e 

Average 
no. of IK >dcs 
in stem 

A\oicif;e 

stem 

thickness 

An Oracle 
l(‘af area 
per i)lant 


cm. 


mm. 

Bq. cm. 

1025-20 1 

122 

18 

41-4 

4,80.3 

1020-27 

11.) 

13 

1 

54-8 

.3,410 


Flowerhuf habit and character of inflorescence. It is latt' in flowering. The 
average number of days from germination to flowering was T20 days in 1925-20 
and 145 days in 1920-27. The shrivelled anthers are red. The peduncle is curved. 

Earhead characters. The heads are of moderate size. They an' compact at 
the base but rather loose at the top. The length of rachis is long and has been 
10*3 cm. in 1925-26 and 1920-27— 10 6 cm. The number of rachis branches is mod- 
erate but it is much decreased in a dry season. The number per 10 cm. length 
of rachis is the lowest among all compact and semi-compact types and has been 
05 in 1925-20 and 80 in 1926-27. The number of seeds per branch is the highest 
and has been 23*7 in 1925-20 and in 1926-27, 31*4, 

Seed characters. The grains are pearly yellow, very flat, big and hard. They 
are heavy in weight, but it is much affected in a dry season ; 1,000 grams weighed 
48*1 grams in 1924-25 ; 27*2 grams in 1925-20; and 53 0 grams in 1920-27. The 
average grade has been 3*99 mm. in 1925-20 and in 1920-27 --'4* 92 mm. 

(8) Telia Chapti 26. 

This was selected from the local variety in the same way as the strain last 
described. 
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nil T()\SARS or THE surat district 


liahd ([(jKwih a))d (hamdir^ Tins typo is modoiate in lioiglit and 

tin strins ik Ihiinid linn iln> ( of hJia ( lapU 21 The t illness is due to Iona; 
mil rn()d(s din J( i\( an i itln i snull nd the leaf an i pii plant is ritlni low 
IIk) Ui diliKin and tin nndiil) is iiin nisli 


II 

\\e n^e 

1 1] ht 

V\ci igc 
no c 1 n )(ks 
in sic III 

\\ or'i^o 
stem 

Hu ] n s 

\vi 1 l ( 

It af au i 
pe 1 [»1 lilt 



cm 


mm 

sei cm 

1M>)20 . 

. 

US 

18 

391 

4,172 

1020 ^>7 


122 

U 

^>2 

4,077 


Floimuxf hihd <n)(l (IkukkU) of ui/loii (<ncc It is hte in flowering like J(h< 
( ho ph 21 din ivir n innilxi of di\s fioiu gtiininition lo ilowcring w is I Ml 
di\smld2d2i) ind in ld2() 2< llddn^ din sluinlhil intlnis ik nd 

lailidul (h(U(i(f(is d h( In ids n< s(nuinin])ut bulging a lilth ibovi In < 
l’(dnii(l( IS iiuliind din 1 ngll o‘ i nhis is \ej\ lon^ nul Ins bun 1 1 2 ( n in 

ld2 ) 20 and 10 ) ( in iii 1 LO 27 J In numl) i of i n his bi iin In s is i itln i 1 i li 

ddn nunibn ])(r 10 cm Iciui^ >1 in liis h is be c n (>7 in 102)20 ind in 1026 27 0() 

The numbei o seeds ])t i biinch his been 10 S in 102*3 20 ind iii 1026 27 ^0 

S(((l char(i.(f(ts din nuns ir lid hiid ])( t1\ m How ind lie more phnu}) 
thin in / hailfoph 21 I In suds iie h dite i in we iglit thin in Idmihapii 21 

] 000 Me (Is weighed 17 gi nils in ]02l 2) LM gr ims in 1025 20 and 10 0 gi nn 
in 1020 27 the iveiige ide Jii been 115 mm in [025 2() iinl 150 mm in 
1026 27 

(9) Sholapurl 1. 

ddiis type is tin |\p]( d i(])i( (iititue of the li\ gioup ol 'Mil it ptoois 
Uabii of (/Hu'h (tnd nfutotm d one/ds dins t\])( istillei thin the geinril 
\iiiet\ due to the ling r intc itnKh puli nliih tin te>]) h\e though tin littei 

lie s]i()(te I th in those ol ^hoJopn Is 1 he st in is j itln i ihiii dh'' le ives lie 
long blit nmow ddn \ iie ])i kIi dh ^Lbie us it the tip the nudiib is white 
wine h is dmosi iini\e i d in 1 1 e \ u n l\ i id thu tin ste ni is j ith) 
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FJmvcrwfj Jiahit and cJiaracfcr of wflorescoice, Tt in as Lit^* as Moni Tiwherwa 7. 
Tlio averafy(^ number of days from germination to flowering was 1 923-24 
-121 days; 1924-25- 105 days ; 1025-26—107 days. The shrivelled anthers 
are typically red. redicelled flowers with anthers were altogether absent in 
1026-27 — quite a novel feature. The peduncle is long and straight geiKU'ally. 

Earhead cliaracfvrs. The heads are loose, big and cylindrical. The IcTigth of 
rachis is exceptionally long, common to the lax group. It was 11*2 cm. in 1923- 
21 and 13*6 cm. in 1921-25. The number of rachis brandies is low. The num- 
])er per 10 cm. length of rachis is very low and has been 47 in 1‘923-2I and in 11)2 1- 
25. The number of seeds per branch is high and has betm 21*8 in 1923-21 and 
26 5 in 1021-25. 

Heed eharcf^elers. The grains are dull whitish, sm.ilb round, jilimif) and hard 
with wavy constrictions on the seed surface*. 1,000 grains weiglu'd 33*() grm. in 
1923-21 and 39*5 grm. in 1921-25. They are the lightest among all strains. The 
average grade has been 4'28 mm. in 1923-21 and 1*11 mm. in l()21-25. 

(10) Sholapuri 18. 


Uahif of (jrowlh (h.}d eeiietihllre ehameten. This type is medium in height, 
1 hough the top five internodes are very long. It has a low leaf area per plant. 
The leaves are spars(‘ly hairy and have a white midrib. The stems are pithy. 


Year 

Average 

height 

Average 
no, of nodes 
in stem 

Average 

stem 

thickness 

Average 
leaf area 
per plant 


cm. 


mm. 

sq. cm. 

1 <125-26 

155 

18 

1 43-2 

4,764 

] '120-27 

121 

12 

49-7 

4,372 


Fh)fecrin<j habit and cJiaraetcr of inflorescence. It is late in flowering. The 
a\erage number of days from germination to flowering w^as 1 U) days in 1925-26 
'uiid 146 days in 1926-27. The shrivelled anthers are yellow', rather uncommon 
lor the variety. The peduncle is rather short. 

Earhead eharaeters. The heads are loose, very long, ta])ering and big. The 
h'ligth of rach s is the longest among all strains and was 15*7 cm. in 1925 26 and 
1 >*1 cm. in 1926-27. The number ol rachis branches is very Iow\ being only great- 
er than in ChapU 8 ; while the number per 10 cm length of rachis is the low'est and 
lias been 45 in 1925-26 and 56 in 192f)-27. The number of seed^ per branch is as 
ollows:— 1025*26- 2i*9 and in 1926-27—28*5. 

Seed characters. TIk* grains are pale yellow, hard, plump and round; 1,000 
H'eds weighed 46*6 grams in 1021-25; 32*1 grm. in 1025-26; and 17*1 grams in 
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TIIK JOWAKS OF THE SURAT DISTRICT 


1926-27. Tli(‘ avorajj;(* grada lias been in 1925-26 — 1*23 mni. and in 1926-27 — l- j; 
mm. 

Tije ideal Jowar plant for Surat. 

Tlio study, of w]Li(‘li an account ba^ been f'iven, lias led to a very clear conco|) 
tion of tile type ( f joirar plant wbicb should be arrived at under tlio conditioi 
of tlie Surat Ib^friel. Naturally, the prime necessity is a hi^li yield of f];rain, ])u 
(here are cert<iin ass()ciat<Hl characters which make a plant specially suilabb undri 
the conditions. 

Jltthif of (jnorfh. A tall plant havin<j; lon^ internodes is desirable, with a laryi 
number of nodes and lienc(‘ a lar^T' leaf surface. Shorter internodes in th(‘ upjw 
])ait of th(' stem seems .i^sociaied with com[)a(*t heads. Such ])lants, too. do noi 
lodj^e, wdien'as plants wliich have lon^n int(*rnod('> in tlu' upjxu’ part of tlic st(‘ii 
tmid t ) liav(^ looM‘ h(Mds. and .dso tend to lorlii;(‘, as is tin* case' with nil A7/c/c,p//; 
stiains. and this is d distinct objiadion a^.iind this \.iii(‘ty. 

Ln(.f <i.rca /u r plo,'!/. W lnl(‘ a lar<j;e leal aie«i is clos“lv <'(Mridat('d witli lii^li vieM 
yet. on the w holiL it appi'ars that ty]M‘s wdth nuMlium leal surface lik(' Allhait /)( Ah 
6 are to be preferred, taking all simsous toeetlu'r. Moni Tlotbcnrii, 7, which Im' 
the larjrost liNif surface .iinoim the selections descrilxMl. doi's not farewell partuu 
larly in dry seasons. 

War on ihc ,ste)ns. Tin* ])resence of on the stem is considered by mnn\ 
workers to be a si^n of drou<^ht resi^tin^ character, and cm’tainly the selectioi 
AJihan l)(\s'/n 6, in which it is lan^idy develo])ed, does the best in a dry season. Tin 
relation of wax to drought resistance is not yet, however, clear. As to tlu' advan 
tage or disadvantage of liairiness on leaf, little can be said though there is a genei.i 
belief that the glabrous tvjies (lik(‘ (^Iiapfi) do best in moisture retentive soils, an^l 
the hairy ones like P(no and Shohipnn wdier(‘ tlauv may be w^ater deficiency. 

llahA of leares. In drv years, all Joimr ty])es make*, tlioir leaves nearly (‘hm I 
in the middle of the day. and in sona* strains this is very highly developed, it 
is a desirable character to encourage on soils wh(*r(‘ moisture is likely to he short 
The Vani variety has this character to a marked extent. 

(\)lo}ir of Ictsres. After twx) or three months’ growth, a dark gi’een colour is 
ahvays considered as j. sign oi hr'althv robust growth. It should always be ])i(' 
ferred to a lighter colour ol the leaves. 

FJotrorinq ho, hit, 1 ho Jo,run< of the Sur^at District are generally late in 
flow'iuing, an<l a type flowering and n])ening ear-lier, when planted at the usual tin.e 
WT)uld b(3 o( ( onsi(h‘i'able «idvantage. S}iolo.jon't types ar»' ca])able of being ])lant 
cd late, but it plant'd at the usual time, thiw do not tlowor earli(*r than some oj 
the Perm selections. The gi-ueral late dowering habit in Sur\it appears to be due 
to the fact that if the ])eduncle emerg(‘s during August and September, it is 
very likely to bt‘ attached by ins *ct pests, especially by ihri borers (T/d/c 
simple*' and ^'•e'^anna 'infcrcns). Ifow^ to meet the demaiul for an earl}^ 
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llowering typo, and yot one whioli ^vill avoid iliose ])ests, is not yot (pilto clear. 
\'cry markedly late flowering types, even though they rij)en at the same time as 
others, are not desirable. 

Types having recessive characters in the inflorescence- such as yellow anthers - 
are desirable, so as to make it easy to keej) the types pure. 

Earhead. Cultivators })refer compact headed types of jo tear, as they are geji- 
erally believed to be heavy yielders. Tliis Ix'lief does not apj)ear to be entirely 
well founded as Bttdh Paio 5)1 and Telia (liapli 20, which ar(‘ semi-com])act tv|)es, 
and Bholapuri 18, which is a loose type, are high yielders. Com])act headed 
types usually give a grain very much more mixed in size. A semi cum[)act lu'ud 
i^, on the whole, to be preferred. 

The loose headed types are supposed, also, to b(‘ less attacked by birds, 
but, on the other hand, all these have a tendeiuiy to lodgt*. 

They also have a larger amount of cross-fertilization and this is not a desirable 
character. 

In semi-compact headed types, the head should be big, as otherwhe low yields 
may result. 

(hahu The seeds sliould be large and dense. Bigger grain is always pre^ 
ferred by consumers, and such large grains are usually also flat. Flat and hard types, 
in our exj)erie7\ce, have not maintained their character \\(*11 in years of drought. 
Soft grains have the disadvantage of being more easily attackiMl by weevils. 

As to colour, \(‘ry white grains are usually pn^hu'KMl by Fatsisand not by otlau’s. 
(ienerally, the tyfies with jx'aily yellow ( olour with good hi'>tr(‘ preleried. 
Such a kind th(‘- Mom 'Timhenca 7 strain, but it does not maintain this character 
when *sown late. 

Efraiv. (Kadhi). Jowar straw should not be hollow. As thi‘ chaiacter of 
tin* straw^ in this resj)ect cMii lx* noticed liojii the colour of the midrib of the leaf 
such types can be eliminated A green leaf midrib nu'ans desirable straw. 
Other things being eipial, the l\adl)i should be thin, tJiough heavy grain 
Mi'lders are almost iiwariably thi(*k steimned ty]x*s. Compar,iti\ ely thin straw^ 
can be found in combination with moderat(*ly g<x)d yield i i Jllhan JJmln f) and 
i( should not be im])Ossibt* to combiiu the two d(*Miable ch.uaiters. 

Ackit()U'lcd<itH(Oi(s. We are uiuler very considerabh* obligations to Dr. ll. 11. 
Mann, Director of Agibuilture, Bombay Fresideiic} Poona, who guided the work 
and gave very valuable suggestions during the course ol study. 
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PLATE I. 







PLATE III 



Showing how the male flowers or empty spikelets are distributed in Buih. Perio, No. “ 40.** 

Only a few spikelets are shown out of a large number The arrow heads show the pedicelled male 
spikelets. The lines round hermaphrodite spikelets represent empty pedicelled spikelets* 
Figures show the number of pedicelled staminate flowers on each branch. Most of the 
staminate flowers are in the upper portion and are also at tips of branchlels. 








PLATE V. 



The hairs are mai^nified in the drawins^s to make them more visible 

(3) Moni Timberwa 7 : Very hairy Type. The hairs are profusely prominent, long and per- 

sistent. On an average the hairs are found on the length of 23 cm. out of the total length 
of 5 1 cm. They are fading to some extent from the midrib as we see downwards. 

(4) Budh Perio 57 : Hairy Pype. On an average the hairs arc seen on the length of 21 cm., 

out of total length of 69 cm, though extremely minute hairs arc found almost all over,* 
i.e., not quite glabrous surface. They are sparse round midrib as we see downwards 
towards the midrib. 





PLATE VI. 
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PUBUCATIONS OF THE IMPERIAL DEPARTMENT 
OF AGRICULTURE IN INDIA 


TO HI lUl) noil 

THE MANAGFE, OF INDIA Cl N'lEAI, PLI U( AlION BEANCH, IMPLEIAL 

GKEKTAElAl LLJII’INC, 3, C.U\LEMlllNi llACl, ^^Lba, CADCDaiA , 

aill< omci 01 IHL ACEIClIllEAl ADMML 10 111! OOMENJIENT 01 

INDIA, 11. ''A, BDIAE , 

AM) 

AIL AU Mils him SAL] 01^ GOVLE^MJ JNl } LllICAlIOAS. 

A complete list of the publications of the imperial Department of Agriculture in India can be ob» 
tained on application from the above-mentionrd. 

These publicalione me . — 

1. Ihe Agricultural Jourval of India A Journal Jculing \\iih sulijicts conneclul with agricultural 

economics, field and giiddi cic] s c(oi cn ic j Uiiitb ni d u anuic**, methodp of cultiva- 

tion, iiiigatioii, ( iiindtu ( ( iiditK I s u std 1 cM fungus discaws c« rjciatnc cudit, laim imple- 
ments, and othci agiicultuiai iiatUis in Jndn Jlhistiatioi s, inlidii l crlciied jlntcs, fcin a 
prominent f< atuK of 11 c douinal It is ( diitci 1 \ the At.iitultuT< i Ad\ li the C < ^ tn n cut ol 
India, and 18 ibsutd once CNciy tu 0 mcnllip ( 1 si\ timcb a vtdi Aju iml ul "(iqlmifhB Cut** 
bd including 1 os1 ge SidlU C(]} Et 1 8 oi 2'« 

2. The Jouival (J tic iciitial liunov Jor Avinat }ivAoi(nj t?c J ( i ug u iidm A (uaiteily 

dealing uitli o-ittlc liccdiiig dairjiie eiiUnatn n aid btiiagc c*^ loUci ckt^* aimil iiliinci, 
and other asjcits < f anmi d huslaiidiy Jt is edited l> the Auuu'tuial AuMbti to tl e C o^cln- 
mei t of Jndia Annual subsinjIiLn, Ks 2 S-0 Single (oyy As 10 

3 Scientific Ecpoifa of the Agiiciiltuia) Keaeaich Institute, Piisa 

4. Review of Agricultural Opera tiona in Indi i, 

5. Proceedings of the Hoard of Agriculture in India 

6. Proceedings of Sectional Meetings of the Board of \4ncult11re 

7. Memoirs 01 the Impel lal Depa’^tment of 4giiuiltuie in India. 

(tt) Botanical Senes. 

(b) Chemical Suics 
(r) Lutomological Senes 

(d) Bacteriological Senes 

(e) Veterinary Senes 

8. Bulletins issued by the Agricultural Research Institute, Pusa, 

9. Books. 

The following aro the publications of the last two years 

Scientific Reports of the Agricultural Research Institute, Pusa (including the Rej orts of tie Imierial' 
Dairy Lxpert, the Physiological Chemist, Government Sugarcane 1 Xpert, and htciclaiy, Sugai 
Bureau), for the year 1925-26. Price, Rs. 2-8 or 4«. 6d 

Scientific Reports of the Agricultural Research Institute, Pusa (including the Reports of the Imperial 
Dairy Expert, Physiological Chemist, Government Sugarcane ixpeit, and Secietaiy, Sugar 
Bureau), for the year 1926-27. Price, Re. J-14 01 3#. 3d, 

Review ot Agricultural Operations in India, 1925-26. Price, Rs. 2-6 or 4s, 3d. 

Review of Agncultural Operations m India, 1926-27. Pnee, Rs. 2 or 3^ 6d. 

Prooeedings of the Board of Agnoulture in India, held at Pusa on 7th December, 1926, and following 
days (with appendices). Pnee, Re. 1-14 or 3a. 3d. 
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Botanical Series 

Stinlu's in (iiiiarat Cottons, Port III. The Wai;ad Cotton of Ui)j)er (Jujarat, 
Iv.ithiiwarl and Kultli, by L. Patisl, m.as;., and D. P. Mankad. 

Prico, P •• I - 1 or 2< d 1. 

Su^aivino l»H'cdino -Iii(li(*ati«)na of rnlieritance, by IIao 8 x 11111 T. S. Ven- 
KM’KVMVN, H.\. !*ri«-(', As. SoflOt/. 

8 tn(lu‘a in (Jiijaiat Coltoiis, Pait IN' ; Hybrids bcl’.vcen Hroach-deahi and (Jo- 
uhaii xaiiotu's of du-isj/pinm h( rbu<'(’um^ by M. L. Patel, M.Ag., and 8. J. 
n. \*4. l*ii« o. As. Id or H-. (>//. 

Tho ln<li«;onoiis Colt *n Type- of niirnm, by T. D. Stock, n.se., d.i.c., a.r.c.s. 
Pj ie.‘. As. 11 or 10 L 

A Study of Fusftii't eominon to cotton plants and cotton soils in tlie Central 
Pr(»\ m cs, by JiwXN Sinom, m.sc. Price, As. T) or (id. 

Tlio K .hiin'jt i;«v ol the N''r*h Konkaii and i’^ 1 inprvivmnpnt by Selection, 
by 1*. K. PiiioE ind 8 . (r. PwALEiivo, n.Ai^. Price, Rc. l-lur2.s. 

I\nni^,lnni ,iil( >nn : Studies on the I5ajri Crop. 1. The ^to^pholo^^y of 
iyphohbaui, l)y 8. V. (loniun.E, M.se., b.a^l Price, As. 12 or 

1 S', lid. 

Studies in Khaiidcsli Cotton, Part I, by 8 . IT. Piiayac, M.Ag. Priie, Rc. 1-1 
or 2 '. lir/. 

Th(> Indian 'IT pes tf Milint.s L. (Khesari, Lakb, Laiio, Tcora), by 

(1 XhKii.i I.'; L. ('. JbnvAKi), u.a., and K. 8. zViinru Rahmw Khan. 
Price, R '. 1-8 or 2 <i. Gd. 

Fruit Pot l)iM‘a^c ot ( ultixated ( 'ucurbilacea' caused by JVnilliiinii tiphanidfr- 
miihnn (Ivk.) F by M. Muux, m.sc., e.l.s., and J.. S. Sl bkxmvnivai, 
r.L.s. PllM‘, As. i> 01 .sd. 

Colo.n hihciitaiHc in Ph<\ by S. K. .Mitu\,m.s., Ph.i)., and 8 . N. (irpTA and 
P. M. C \NM f 1 . Pin A.s. G or Sd. 

A^htnifi ^pp. horn India «lctc! mined by 1>1!. Ri Tii Rv\N and Mdinh 3pp. from 
India and oiu* fioiii M.d.iy deternuned by Prof. F. L. Stevlns. Price, As. 4 
or .*)(/. 

Studies on Pd<c in Sind, Part I, by K. 1. TiiADXM, M.sc., and If. V. Drncx 
l)i 'll X, H.sc. Price, Rc. 1 or U. 9d. 

N aiiifiility 111 (cituu economic chaiae tors particularly in seed weight and 
xvcmht of lint ])cr s'shI in pure strains of liroach Deshi Cotton, by M xcam xl 
h. Pxii.L, a.\LC., and II muh.d II. Mxw, d.sc. Price, As. 11 or Is*, (id. 

Stiidic'-, ill (In Shc(hlin <4 of Mainzo Floacrs and Fruits, Part J, by I\ \'. Wacjli', 
.M. \ 4 . Pii c. As. II or Is. lid. 

Similes in the Jouni'y of (lujarat ; 1 : The Jutvar.s of the Surat District, by 
.M. L. Pmij.. m.\o., amid. P>. Pvtel, b. xcr. Price Re l-G or 2-?. 3d. 

Studies in Indian Chillies, I : The Types of Capsicum, by F. J. F. SiiAW, 

D.sc., A.R.C.S., F.L.S., and Khan Sahib Abdur Rahman Khan. {In the press.) 

Foot rot and wilt of Anterrhinums caused by Phytophlhera pini var. antirrliini 
n.v., by 8 . 8 i ndararaman, m.a., and T. S. Ramakrishnan, m.a. (In the 
press.) 


Chemical Series 

The Selection of Rurina Heins {Pha-icnhis binahifi) for Low Prussic Acid Content, 
hy d. CiixBLroN, m.sc., Price, As. 10 or 1.9. 

liaiualore Maintenaiae Fxperimeiits, First Series, by F. J. Warth, M.se, 
Piic‘, As. 11 or 1 9 . 2 k 

Some Di'jjestibihty Trials on Indian Fccditn^ Stuffs II, by P. F. Landeu, m.a., 
D V., \.r.(\, and Pvmht Lvl Chand Dharmani, L.Ag., b.sc. (Ag.). Price, 
A ,. It) or 1.9.* 

The Fffcet ol Manuring a (k'op on the Vegetative and Reproductive Capacity 
of the Seed, by R. Viswanatji, f.i.c., .and AI. Suuianarayana, b.sc. Price, 
As. 11 c'r 1 '«•. Gd. 

Fx-pei-'mciits on the Feeding of Sorghum silago and concentrate to Scindi cahes, 
bv F. J. Warth, m.sc., and Shari Kant Misra. Price, As. 0 or lOd. 

la'SM'.s and gains of Nitrogen in an Indian Soil studied in relation to the seasonal 
c unposition of uell Maters, and the bearings of the results on the alleged 
deterioration of soil fertility, by Harold E. Annett, d.sc., f.io., m.s, 
E.A.C., A. Padmanabha Atyar, b.a. and Ram Narayan Kayasth, m.sc., 
B.xg. Price, Rs. 2 or 3 9 . 6 d. 
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Chemical Setie^contd. 


Vol. IX, No. Vir. Some Di;:estibilit\ Tinla on Indian Feedin" Stuffs, III: Some Punjab Hays, 
by P. ib I.VNDLii, Ml. DSC, irr, and Pam3Ic Lil Piiind Duiiimivi, 
L \4 , n '*0 ( ) Pine V"! i Di ()/. 

Vol. IX, No. VIII. The dcteiminatinn of tlic 1 kcttuil t onductivitv of the aqueous Pvtiact of 
Soil as a 1 ipnl means ol dttn lin^ its piobiblc ieitility, by Ashliosii Si v. 
Pn< ( , As 4 (>L ‘) /. 

Vdl. X, No. I. Feeding Fvpennients at Karnal, by F. J. Warth, m.sc., and F. J. Go:>siP. 
(In the press.) 


Entomological Series 

V^ol. IX, No. IV. The Rt I Pumphin Ibttb, Anhtf tphna ahdomimlis^ J’b. (C ilcoptcra . 

».'lirysDnKlid I ) ind it'j < (nitp>l , uiLh a shoil Noh' on 1 (tlnpcmu , L b , by 
''I. Ai/vi Jli'iMN, M , MV, vind S Audi LI in S'fUi, r i^^ Fiicc, 

Ro 1 1)1 I s M / 

VjI. in, No. V. ExpciiiiKnls on tb< riansniib^. on of Rindciptst by meins ol In&iets, by S. 

K Si N, n SI , 1 1 ^ Ibi I IN J I 01 1'' IL 

Vbil. IX, No. VI. Studies on Indun ilnsinoplf 1 1 , 1)^ Du II II iVAUw Ibiie, Re I S oi 2s. 

hi 

Vol. IX, No*^. Vll— New Sp( us oi Imhm (oil Mid_us {Itinihdf)^ by Up 1. P Ti li , New 

IX. Indi in ( o )m» lii 1 1 b\ \s is 1» l*i oi i , i i s , Ut i ii)t ion >1 1 isu 'fn iia 
slupi ){((. n sp ( Lt Ol I )i It » i), 1»\ E MimvKIv, iKs w ith a slnut Note' on 
(he Life nistoiy ui 1 St it 1 1 -', l»v i s MisUi, u i Piiti, Va *) )i itf 

Vi)l. X, Nos. IvL Poui N(w fndi ui ( t ill Ml U( s bv l)i 1] P I i li , 'ih< ( itnis Ps> 11 1 (/b /p/io-* 

II. mil ( i'll, Ivuw ), b\ M \i /\i Hi s\in, ai sc , m i Pin i, lb 1 2 oi 

Vol, X, No. Itf Put. nude \ipiiunv ol South In hi, by P. V. Rimikkimini i ik, n a , 
r I , 17 s Piui , \s 14 Ol U W 

» ol. X, No. IV. Soim Nt w Inlim Miiule {(Api In), by E li\rr\iiD, ni. i i s Piiee, 

As t) Ol s / 

\ )1. X, No. V, The iiso ut H\th ) \anu Vt ul <«is tor the Fiuiufi^ion ol Vmeiu in Lotton on 

iiiipoit intti Indii Expnuii"') s on its Utlu’ jiowei fui the M* \u in Boll- 
wcimI ( I iP/i >/u//? » ^ I III Is) I itl foi tin ( ti iin \vco\ il (^tl) thilus //'o); 
on tin oxti lit to will h it is ib&oibed b^ ( tittoii uni .lute itispt t ti\ e*l\ , and 
on a piutn il mitinitl itn s itni ’( toiy fuini-tatiou on a laijie !3i do, b\ A. 
.]\\iis 4 i ivM R, Ai \ , D s( , md I) L Sin, m sc leeb m sc , with a 

foil word by i> ( . Bi xi, m u i . n s< . Puce, IN 2 oi N. h( 

\ )1. X, No. VI, Stud lb ol PI i(ip hi I js i/pi 1/ •, Niuiilti>, (thnk bollwtnm) in tin Ihinjib, by 

yoiiAN Sinqh Bindri, m sc. Pnee, R . 1-4 or 2s. '3d. 

)|. X, No. VH. A Contubution to oiii kiiivlcdjie ot the ili^s unqitci i of Inlia, by i. V. 
R iMUxfvisiiN 1 \\ \ IK, IMi D , 1 i s , I / s (III the p/ess) 


Bacteriological Series 

V j 1. Il, No. If. A Bictciiin feoft Rot of (uikn Popp}, by C. S. Rim VyyiR, n i. Piue, 
As .3 01 (>//. 

Vol. II, No, III. Nitrification of Calcium Cyanamide in some Indian sods, by J. H, Walton, 
M.i., M.sc. (In the prt'fs.) 


Veterinary Series 

Vol. Ill, No. VII. E\nciiuicnt3 on the tiextnicnt )f HooLwo^n infection m Dogs, by Aa[1rnith 
D i Liii, M sc. ( Pun] lb) Piuc, ^3 11 or N. 3 d. 

\ ol. ' III, Nos. Vni On the ociniicntc of a Lung Muke Panupniiutus e hmnhi, n. sp. in a Palm 

& IX. Ci\et [Para Inun iis jrmfi) in Kuiuaoii 1111s, by Amiknaih Cu i hi, m sc. 

(Punjab). On the oiciiii *iue of Jsuspoia and Palantidium in Cattle, by H. 

CoerLR, M.K.C’.v.s., and Imirmui (ui hi, ai.sc. (Punjab). Piuc, As. 4 

or ChI. 

Vol, IV, No, 1. The (4iemothoiapy of ^kirii (Tn/panosoma tiaiisi Infections) of Horses and 
Cattle in India, by .1. T. Kdw ikds, d sc , m r c v Pneo, Rs. 4-2 or 7s, 
ol. IV, No. II. Studies m Rovne Lymphangitis, by V. Krisiimmlrti A\yir. Price, Re. 1-3 
or 2i. 
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Bulletins issued by the Agricultural Besearch Institute, Pusa 


No lt)4 Stiiidiil \loUio Is ot Viishsia oi lnUlizeis, ')V J Si v, M \ , PhD. I’lice, A$.l 1 or M 
No 1)J of I’ll jlicatioiiB on Indiin Liit >nioloj:y, 1‘J2 j (cjinpilcd l)y the linpciial Entomologist 

111 I 111 O ^ ill! ) II d liilmiili iht l‘iisi) I’liLt, \9 12 oi is id 

No H)d ‘ 5 in|>lui^ i )i I u Y tl I 1 1 l>iliii in I O iss»i, b> ) V llunii^ok, i( s Piico, As. 7 or 0/ 
No 107 Y ^ h 11 )f 1 iss 1 i 1 111 j t I \ iiieticB ot IviK lomid in Burma, by K A Bl\ii 

1*1 Vs ) )i s / 

No IbS List )t l‘iibli dims n hi Inn i ril j i)ln>, n2o ((.jiiijiiUd ))y the Otfg Imperial Liilj 

111)1 is)t 111 tin i ii| Jid I It ) 11 )• )_,ist) 1*1 ic(, Vs 10 nr Is 

No 10) I ho M 1 hi iim Dm n ol Vi unit ( l/t t < ciu&td by I hulaitopsis j^aradoi 

\ lit 1 !»y ^ MjN)\i\i\i\n M\,t ivi SUN \ s \ v\ \K and L b Uam Uvi 

Ml 1* I 0 V III 

No 170 Sl IS >11 d \ uidi ns in the. (uiii ( Hittiit )f MilV it I’libi, by 1 11 W if lojsi, MA, w S( 
lilt \s () 1 ' 

No 171 Ur In j i \oin id n Inhin Win ii V Liid SiimniuN ot tlic Inv tsli^atioms ciiriod ou 

d 1*11 I li 11 W)) i ) I )21 in 1 1 liii in itt niit 1 tin new l*usi Ilybiids, by Ainu 

il W \1 1 ) I 1 I M l I ( \l I I M I I ( How \1 ), M V Puce, As S Ol lOi/ 

No 172 1 lit Mt hill d VniK n < i h | i d 's ,ils, hy, ) ( n \i lion, m st , i i ( i net, As d oi 1 

No 173 Dttuin 1 t I 1 1 ii ni 1 1 1 I 1 1 < 11 dt s in tin ) i od stic iin ol i ow Is, b^ Jl L i n Ct o] 1 1 

M 1 ( \ s I \m \i \ \ I 11 ( L I \11 M St I net \s t I i It/ 

No 17 1 I ml i sl 1 I I 1 uin I iii< lin s 1 \ ( ^ I ’ \ m j \ n o a , n n J) Price, As 6 or Oti 

No 17 ) AC m u di\i I IV t 111 nu th ' 1 I i< 1 u i m t i tli ^ oil it i Hr \Ui li line d \i i 

Iv^is \ ni i\ f II the Pij tUo Mt ll d b\ Vmvj \ uu 1 Lid, ill I) , and J> D Amjn 
B 1 I’nce As 1 ( r 5t/ 

No 17() V Ablli I )t in r 1 i 1 lit Miniiiid \ liu ) M iJi 1 1 (ike, b\ N 1) \ \ vs, L. \ 

Price Vs 4 Ol ( t/ 

«N ) 177 I* ) ) 1 I I s I 1 )i I I \' 1 I i»\ I > III vvivML Ills {In V pr ] 
No. 178 A Sludv ot the 1 ooid u ( nnpisitui in ( imbilii ( >1^1 )n, b^ V Pv \M vv viii-VN, i 

No 170 A 1 ( d 'sp t intl Bli ht l)i t ist il Dm nis t tint 1 by 1// niana palandui Nov. sp , bv 

C Ev^(As^\AVd Vvi v\< \i (It / . 

No. 180. btciri 1 I (f I tisnm c^'ii ( 1 b> hhi c t tr S /lu K bn, b\ Md 1 \STIM. {In Ihe pi 

No. ISl. Life liisl i\, hioii BUS nid ( i Ik 1 < I U?///otenfs iintidrsus, Ecsb. (Cuiculionid ic 

( old 2 »lcri), by Kiini Nviii Ijiiivn, m st {I n t! //cs ) 

No. 182. Invcsti it ion •, in the iictcruli v 1 Sili o (1020 27), hv J Jl \V vi lON", M A , m sc {/ 

Hit / K ) 

No. 183. A Mill 1 nnuntin^ least, I y C S Kvvi Ai \ \ i , n \ {In Iht press ) 

No. 184. List of I’ulilieatioiis < n Indnn I nt in 1 \ 1027 (L/omjnltd by the Impel lal Entomologi t) 

{In ih( prevs) 

No 180. UIr eultivitim el 1 ic in the plur s of In In Tninjtra licciiy Ken , b\ C. b. Misra, b a 
(K evised 1 diti m) {In the pic ) 

No. 180. A preliminary 1 otc n the nee croj) m the United Pi ovmees, by K L beTiii {In tli<^ press ' 


Books 

Whe it 111 111 In bv Ar Bi HI II )\v AR 1 , M \ , A I ( s i r s , and (t vi uiri 1 1 I C llowvuD, ma Put 
Rs ) oi 7 () / 

A Deseiiptun it tin Imptii B lete iiol i.u d I Iniit rv, Mlkiisvr Its Uoik ind Products Iv 
Major J E 1 Holmfs, m a , d se , m xi c v s. Price, As. 8 or Oc/, H indi and Lr 1 
Editions, lls 2 4 eieh 

Agiieulture in Indn bv dwii-s Maikinna m \ , k s Piiei, Vs 1 oi jd 

Some Diseases < f Cattle in India A Handbook for Stock owners (liovisod m 1927). Price, Re. 1 1 
or 2a 

Report on the Diseises of SilJ woniib in India, ))y A pRl^e i i j vdi sov, d sc Pnee, Rs 3 

The Importance of Bactc lal Action in Indigo Maauf letures, by C. M. Hutchinson, b.a. Price, As. 2 


Notice 

All new piibheatims iie ineludod m the above list and ar^ regularly posted to all en the mailn't 
list as soon as iss le I Unit ss eompliints ol non receipt of any publication are icccived by the ^laii i 
ger, (xovi mini nt of In In ^ ontiil Publication Branch, Imperial Secretariat Building, 3. Governmeid 
PI lee Well, C>aR,utta, within vix mouttis of the date of issue, duplicate copies can be supplied onl) 
pav ment of cost and postage 
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Studies in Indian Chillies 

(1) The Types of Capsicum 

BY 

F. J. F. SMflW, b.Sc., n.R.CS., F.LS. 

Offg. Imperial Economic Botanist, Pusa 

AND 

KHAN SnHIB flBbUR RiRHnnN KHAN 

First Assistant to the Imperial Economic BotSnist 



AGRICULTURAL RESEARCH INSTITUTE, PUSA 


Calcutta: Government of India 
Central Publication Branch 
1928 



Government of India Publications are obtainable from the Government of 
India Central Publication Branch, 3, Government Place, West, 
Calcutta, and from the follovring Agents : — 

EUROPE. 

OlPKi 01 /III JilGJf CO^IWJShJOlsJ 11 lOlv IJSDJA, 42, GKOSTKNOR GARDEN^ I OI^HON, S. 

And at all Booksellers. 

INDIA AND CEYLON. 

Provincial Book Depots. 

Madras Supprinti-udcrit, (Jovcrmucnt Mount lloiJ, Madras. 

Bombay SuiKniitiMdtnt, (io\(rnru(nt Book DcpOt, Jown Hall, Jiombay. 
blND liil)rii> itl Kind to tin Ollici ol tin t oininisHioiur in Sind, K'li'iilil 

Bi NG\L lUiMil smctuiit Book DtiOt, W ritt rs' Building's, Koo.n No. 1, Ground Floor, Calcutta. 
Umti 1 ) ruoviNLi s oi voi V AM) UUDii suiK rjiift iidi ut of (*o\tinmtiit Tress, United Provinces of 
A,{l i lud Oildli, \ il th il) id 

Tu\J\jj siipi 1 iiii( 11 1<. Ml (jOMimneut Tnutiii^ Tunj ili, J ilioie 
Blrma Sii()( ririti ndi Ml, (.oMinount TJlntlll,^, Buini i, 11 in.'ooii 

GiMuxi I’liOMMjs \M' Bi 1 \i sup unit iid< lit, (itOMmiiKut J’nnting, f enlral Trovlncis, Nagpur. 
A'isam Slip! iiMt( II k(it, \sv nil S((j(t lint I uss, Shillong 

Bill \R AND ()i issA :5iip< tiMifudi nt (io\ < niiiiont Tiintiiig Bilnr and Or! sa, P O Giil/arbagh, Patna. 
CooiU Olliii. Ol llu Ghiol ( oiuMiis uiui ol (.oorg, l.ingiloK 

N OKI II WibriuoMin I'koVimi M m Goninmcnt Truiting uul si ilionery, Peshawar 


Jluikir Spink V to, < ilnitti uul Simli 
\V. Ntwn 111 V t o , 1 Id , liKnlU 
L mil r u V ( o , L ill utt i 
S Jv ] iiuri V (. 0,1 iki U i 

llu IndiiM siliDul sujih i> |GI 0 ) J oAA Bi/ii 
sir T ( iknll i 

Butler M rill v to (Indii) ltd, Cilnilti 
It 11 >1 (. sueir Biiiulur Bons, m) - \ 11 irii^un 
ii )id, ( ill utt I 

Stand ud Liti i ituic Oomi in> , Limited, (.uki ta 
As^o^ 1 ill 11 i 1 i u un i 
GhukiiN rlti ( iiiit ij V (o, ltd, 1 , ( oDi 
S tu in , ( ill till I 
I hi ijiioK ( ()Mi| iii\ , t ikult I 

Juius Mun i\ ( ) 12 (« >\ niiii it 11 < , 

(lUiitii ( 1(1 till oil 1 n il i ui In i' ions I iih 1 
U IV liiiuilliiiN \ ( I (i-^ , \nd I b Mulhiji 
Ito id, L ill lilt I 

llu un III il 1 III 11 111! Ill II 1 ( uiiivN lllI^ ''tr 1 1 , 
4 111 nil I 

Sdiililii Pul 11 111 ! (i ) iiltilliliii ( hiitti 

( h iLLi ijei A Co , .,0 I, (. niiw illi stui t, C d utt i 

B C ij i-i k 1 1 , I I I n loi Vll ll 1 111 U \ , Inn I. 

Mill i Grot III*- h tjsii II 1 

Jlk,.,llll ol 11 1111 , Mini 
T Jv Ji nil i iM i e » M nil is 
itoi lioii i uni Sol M I U i*, 

G A i\ U Mill v e I tullGliirs ( oi,,( loMi), 
^l idr IS 

llu o o] till li Till ll 11 lion A u, M i 11 i 

Bn„ni V to, 1 ij » 111 H iiin 

llu BookloM i s K Mit lukid, lri\ uidiuin sontli 
Indi I 

I M (iiOj[ iliin hill Ivon , lulumindu un, 
M Him I 

N U M m \ 1 1) , ^ 1/ h 4 it uu 
J n ll Ker V to, 1 111 , 1 uiii 1} 

Jl. Jj 1 u i| on \ 1 1, ^ m tk ( Bomhiv 

huiMiii 1 It nil 1^, J ml \ 

Klin tliuiuii loMiil b ns, K ill idi M I o d. 
In ml i\ 

N U 1 1 1 ll III t I i )I 11 1 , 1 1 ll s & 1 1 1 , 
Iv ill) i iL V 1 Jvo III, L jini is 

New and Sk oinlli ui I Bjolishoj), iv ill idiM Jvi id. 
Bomb i>. 

Mis JviioibU Vtin u uu s 1,^0 ui, K iiouh m itoid, 

ijomb ij 

V 11 . VMKiier 0 , (o, VI mil ad, tikulti and 
Luinl ij 

TroiiJild, Nov Kitil^lnn Tooni. 
ilk VI 111 1^1 r, « )i k it ll 1 ook iiii)l>jng > inj, 1 i, 
shiiM uv u, T uni Cil v 

Kuni Mlsiini J,lo.,, (J| , \ 1^1,11, uJ pyyj, i 

( Its 

s. P J> >okst ill, ».j, BikUjw^i, Tooni 
Muie,ilais sun, Be )k Ik h an I Tublisher^, 
hJi t., i I ll 10, '•iii l* 

J-bc tuuaaid Bilk itionciy Co, ol-Jd, Aibab 


K B UinulikiT A to, llic Bharat Book Bepdt, 
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STUDIES IN INDIAN CIIILLIICS. 

(1) THE 'I'YPRS OF CAPSrCUM. 

BY 

F. J. F. HTTAW, D.Ko., A.R.C.S., F.L.S.. 

OJfg. Imperial Economic Botanist, Vusa 

AND 

KHAN SAHIB ABDUR RAHMAN KHAN, 

First Assistant to the Imperial Economic Botanist. 

(Iloceivcd for publication on 2Gth April 1928.) 

I. Introduction. 

C1ulli(\s coiistitiito one of the most v<i]ual)lf‘ of I he minor (‘Tojrs of India. No 
sepai'cite statistic’s of production and acrc’ai^e arc a\ailable, tlu^ figures for this crop 
l)(‘in<r inclu(h*d in tlu‘ olllci.d ret unis under tin* heading of Condiimuits and spices.’’ 
In Madras, tlie province with ])y far th<‘ iaio(‘St jrroduclion of cliillies, the arc’a under 
“condiments and spices” is estiiu.itcsl at about TdO.ObO acres of which probably 
a, bout 1^00,000 acres ar(‘. under chillies. The crop is also (‘ullivatiil fairly exteusi\ely 
in NoVthern India where in Bihar it forms a profitable alternathe to tobacco. In 
(laiigetic India generally it is a cold w(‘ather crop, transj Wanting taking place about 
September and harvesting aliout Tamiary-Fidiriiary. In tlu^ North- AVest, however, 
the season is difhu’ent and in the IVshawar valby chillies are transjilanted in April 
and harvested about the end of Octolaw. 

The bulk of the chillies grown in India are consumed locally and the export 
lrad(‘ is small but steady, being in tln^ neighbourhood of lf> million ])ounds a year. 
About 44 p(*r cent, of the total exports go from Ihmgal and )kS piT cent, from the 
Madras Presidmicy. T’he largest customers ari^ Ceylon and the Straits Settlements, 
which countries absorb over 80 per cent, of the total exports. 

The present investigation was startl'd in 102*1 with the object of isolating the 
different types of chillies growing in India as a preliminary to the study of the in- 
Inaitance of characti'rs in the cro]) and with the ])ossil)ility of obtaining typ(‘S of 
chilli which would prove* more* valuable in yiedel and e]uality than those commeinly 
cultivated at ])re*se‘nt. Semie* 52 type's are* de‘Se*iibe*d and c1a.ssifi<‘d, of which three ai(‘ 
fore‘i<ni variedies anel the reunainder are* Indian. The biolew of the flowed has 
been studie'd anel the* authors desire te) acknowleHlge the assistance* receuA eel freun 
Air. R. B. Desh])ande, post-graduate student in the Secthin, in this portion of the 

work. 
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IL Biology of the flower. 

Tile genus Capsicum belongs to the Solanaceae. The flowers ^ are pedicelled 
axillary, solitary or 2-3 together. Calyx campanulate, sub-entire or minutely 
5-toothed much shorter than fruit. Corolla rotate ; lobes five, valvate in bud. 
Stamens 5, attached near the base of the corolla ; anthers not longer than the fila- 
ments, dehiscing longitudinally. Ovary 2, rarely 3-celled ; style linear, stigma sub- 
capitate. 

1. Bending of the pedicGl. 

In the young stage when the bud is small the pedicel is straight. As the flower 
bud becomes older the pedicel elongates and becomes bent so that the bud befoK' 
opening takes up a more or less inverted position. In the varieties of chillies which 
possess pendent fi’uits, the bend in the pedicel occurs near the base and the flower is 
comple1(‘ly inverted and pendent (Text Fig. 1, Type 25), but in the case of types 
witli erect fruits the bend takes place near the toj) of the pedicel (Text Fig. 1, Tyjx' 
21) and tlie flower may be either pendent or in a more or less horizontal position. 
When the l)cnd is near the base of the pedicel, it is permanent and the fruit is therefoie 
pendent (Text Fig. 1, Type 25) ; but when the bend is near the top of the pedicel, it 
tends to straighten out after fertib nation and as a result the fruit becomes almost 
erect (Text Fig. 1, Types 21, 22). In this latter case the time taken in assuming 
the erect position is from 8 to 19 days after floweiing. 

2. Flowering, 

In nearly all crops the time at which the flowers open varies with the diuimd 
temperature. On warm days and when there is little or no dew, the flowers open 
earlier than on cold and dewy mornings. Floweiing begins in Bihar about Septeii'- 
ber and is practically continuous throughout the cold weather up to Februai}. 
Observations on the opening of flower buds were taken between the 19th November 
and 27th November 1927 and on the 13th January 1928 ; the climatic conditions 
during this period were as follows - 




Temperature 


Humidity 


Date 


8 A.M. 

Maximum 

Minimum 

8 A.M. 

Rain 

lOth November 1927 


60-7 

79*3 

.56*7 

Per cent. 

92 

Nil 

20th Novonibcr 1027 


611 

79*9 

50*9 

96 

N iL 

2l8t Novombor 1927 



79 2 

55*6 

95 

Nil 

22nd November 1927 



78 0 

54*6 

90 

Nil 

23rd November 1927 



77*4 

55*2 

95 

Nil 

24th November 1927 



78*5 

53*9 

91 

Nil 

26th November 1927 


.58*9 

77*7 

54*5 

93 

Nil 

26th November 192/ 


630 

79*4 

67*6 

92 

Nil 

27th November 1927 


61*8 

81*1 

68*0 

91 

Nil 

13tl) January 1928 


49*8 

73*8 

43 9 

96 

Nil 


^ Hooker, Sir .i D. Flora of British India, Vol. IV, pace 238, 
2 Prain, Sir D. Bengal Plants, Vul. 11, page 747. 
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JrxT >i(j 1 \ bianoh fiom T\pe 21 sh^uii in u t iiif ii fi nt in 1 » s in tlit asdu npbion of 

the tuct position from th bi d t Ii in t 
\ bi inch fiom l\pt 22 shoi in h mot fi ut mn f ill 1 1 i Inn/ nt d position 
A I I inch fioin lyp^ 2i sh nvin i| ul n< fr ut in I ti ■>. 1 1 tl d \ bpn nt of the 
fi lilt 


In Novtmbei the buds begin to open at ibout 7 30 A m nd lontmiie opening 
up to 1 PM , the majoiit} of the buds ho^vt^u which open on ^ny one day do so 
between 8 a m and 10 \ M Ihose buds which open latt in the d ly lemajn in a half 
opened state until the following da> when the htcoine full> open sonu what eailier 
than other flower buds which iie opening foi tin Inst tunc on that da} Among 
114 flower buds which wm oljMivcd on ilu bo\( nuiitioiKil diUs in Tso\tnil)ei, 
7 became fully open between 7 30 and 8 30 am, 52 between 8 30 and 9 30 A 
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33 between 9-30 and 10-30 A.M., 14 between 10-30 and 11-30 A.M., 6 between 11-30 
and 12-30 and 2 between 12-30 and 1-30 P.M. On the 13th January, however, out 
of 20 buds 3 optuied between 12 noon and 1 r.M., 2 between 1 and 2 p.m., 6 bet- 
we(Ui 2 and 3 P.u., and 9 buds became incompletely open but opened fully on tlui 
morning of the next day. 


3. PoUbialio}}. 

Tlie style is generally straight and usually longer than the stamens, though on 
the same plant (lowers with the style shorter than the stamens and flowers with the 
style about th(‘ same length as the stamens can be found. The length of the style 
and tlie fact that the flower is invert(‘d renders it unlikely that self-fertilisation will 
take i)lace unless the pLint is agitated by wind. At the commencement of this 
research, when chilli ])1ants were tirst bagged to procure selfed seed, it was found that 
8(Hid setting undei* bags was V(‘ry scanty. This w^as due to the fact that |)lants uii(h*r 
bags wei’f' kept in an unnaturally clos(‘ and fixed position; shaking the bags onc(‘ a 
day at 2 p.m. r(‘sulted in abundant S(‘ed setting. In many varieties of chilli, a 
C(‘rtain percentage of the flowers possess cur\ed styles inst(‘ad of straight styles ; this 
shortens tin* distance between stigma and antlier and at the same time places the 
stigma in a fuore hivourabh* position for receiving the pollen. The examination 
of nearly 300 (lowers in (Iikm* (liflVnmt ty]H‘S showed that about one -third of tlu' 
flow(‘rshad stvl(‘s whi(*h sliowtnl varying degrees of curvature (sec Text Fig. 2.). 
Self-fertilisation is, therefore, more probable in such llow(‘rs. 




Tl\t Fro. 2. 




^ m tlio curvature of tin* stylo. 


The anthers burst some time alter the (lower is open. Out of 37 flowers which 
were observed in November 1927, in 10 flowers the antliers burst half an hour after 
the flower iuid opeiieal, in tS ilowers iilt<*r an hour, in 5 flowers after hours, in 3 
flowers after 2 hours, in 3 liowt'is altm* 2i hours, in 4 flowers after 3 hours, in 2 
llowru’s alter 4 hours and in 2 lIow(‘rs after 5 hours. The delay in the bursting 
of the anthers lavours ei oss (erlilisat ion and in faetiii some flowers stigmas have been 
found covered with j_)ollen befoK* the dehise(‘nce of th* antliers has taken place. 
Bees and ants visit the tlowers in moderate iiumbers, 
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The flowers remain open for two or three days and in Bihar do not close at night. 
The closing which is described by Shrivastava ^ as taking place in the Central 
L’rovinces was not observed at Pusa. The corolla generally drops within two or 
three days after the flower is fully open, but it may persist for a loiig(‘r time. Out 
of 93 flow(U‘s which wert^ observed in November 1927, the corolla fell in 2 flowers on 
the first day after the flower was fully open, in 2() flowers it fidl on tlie second day, 
111 18 flowers on the third day, in 11 flowers on the fourtli day, in 1 flowers on the 
lifth day and in 2 flowers on the sixth day. The fruit ripens in 2 to 2i months from 
the opening of the flower. 

4. Cross-ferlilimt ion . 

It is evident from the above that in chillies both cross and self-fertilisation takes 
j)laee and indeed that in nature there is jnobably, under suitable conditions, a consi- 
(liMMlde «imount of crossing. Thus in 23 cultures, each culture being the juogeny of 
.1 single ])lant which had been bagged, 21 cultures bred tru(' to the ])nrent type and 2 
(‘ultures showed splitting, while in 9() cultures of which the parents W(‘re not bagged 
only 21 bred tru(‘- to the ])arent tyf)e and 75 showed splitting. As the diflerent 
parent plants W(‘re grown in lines next to one another, th(‘ (‘onditions were very 
tiv^ourable for making obvious the results of any natural crossing in the case of iin- 
l).igged ])Iants. The splitting in the eas(‘ of tin* tw^o cultures from bagg(‘d plants is, 
of course, to be attributed to the hetin’ozygous condition (d* the ])arent8. 

The segregation of charact(‘rs in tliese cultures suggests that in the fruit }ellow 
colour and tin* (‘rect habit are recessive to red colour and th(‘ ])endent habit. The 
([(‘tails of the cultures in whi(di segregation into red and yellow and erect and janident 
fruits took place were as follows - 


Parent 

Fruit rod 

Prookny 

Total 
nnrn her of 
plants in 
culture 

No. of 
plants with 
yc'IIow fruits 

No. of 
plants with 
rod fruits 

('ultureNo. 3 of 1927 


11 

18 

„ „ 4 of 1927 


18 

27 

„ „ 8 of 1927 


13 

27 

„ „ 6 of 1927 


25 

27 

„ „ 9 of 1927 

10 

8 

18 

„ 10 of 1927 

3 

23 

20 

„ „ 18 of 1927 

3 

15 

18 

„ „ 14ofl!)27 

2 

23 

25 

„ 19 of 1927 

14 

13 

27 

„ „ 41 of 1927 

4 

i 

S 

„ 2 '01 1028 

3 

14 

17 

Total 

71 

107 

238 


' Shrivastava K. P. Arrount ot tlio (^oinis Capaicaim grown in (^ciitrul Pio\iJKC8 and Perar. Bull^ 
5, Dept, Agri,, Central Provinces, 1916. 
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Parent 

Piuit pendent 

Progeny 

Total 
number ol 
plants in 
cultuie 

No. of 
plants with 
erect fruits 

No. of 
plants with 
pendent 
fruits 

Culture No. 7 of 1927 ...... 

2 

16 

18 

„ „ :i9ofl927 

10 

14 

21 

„ „ 5 of 1928 

1 

26 

26 

„ „ l8otl02S 

12 

16 

27 

„ 22 of 1028 

5 

22 

27 

„ „ 2:1 of 1928 

0 

21 

27 

„ 20-1 of 192S 

18 

9 

27 

„ „ 28-1 of 1928 

6 

22 

28 

Total 

60 1 

144 

204 


IIL Systematic. 

(i) General. 

Notwithstanding tin* wide-si>r(‘jul cultivation of Iho genus Cajmvim in Indi 
th(‘ plant JS almost cei iainly not indigenous in Asia but has its home in tropical Scait 
AnuTica wIktc its cultivation is ancient and ulnue it has been found growing will 
on the banks ol the Annizon and in eastern IVru. De Candolle ^ cites the fact tli- 
tIuTe is no n«inie for chillies in Sanslait and Chinese as evidence that this plant \\<i 
iKjt known to Asia until modern times. Had such a plant been native in the Ot 
World, its cultivation would have spread rajddly and it would have had names i: 
seveial ancient languag(‘H, wlnTeas Oreek, Latin, and Hebrew, like Siinskrit av( 
( liinese, do not contain any name for chillies, and the Romans, (Jroeks, and Hebi l w ^ 
appear to have been unacquainted with this plant. 

The classiluation of the genus GaphKum has been cairicd out in recent times \, 
Roxburgh,^ Hooker,^ Plain, ^ Shii\astnva ® and Irish.® The first four aullioi 
described the various species ol Indian chillies and the last named author woil (< 
w ith a large collection of different lorms of Capsicmn in the Missouri Botanic Canlt ii 
Karly writeis have desi tibed a large number of different species opinion vami 
greatly concerning the numbei of species and varieties. In a summary of lueMon 
systematic work with this genus Irish wTites as follows : — 

“ Thre(* vaiieties were figured by Fuchsiiis in 1542, thirteen by Gregoiius ,i 
PjU, tw’ent\ by Parkinson in 1642 Thirty-five w'ere mentioned by Morison in 

^ De Candolle ^Iphon-e Oruin ot Cultivated Plants. Second Kditirn, 1904, pa"<* 2^8. 

2 Roxburgh, llora Indna. IS‘V2, ^ ol T, | age ru'A. 

•‘Hooker, lor. i it. page 2. 

Pram, lo(. fit. page 2. 

* Shriva&ta\u, /o(. nt ])agc 4. 

^ Triah, H. C. Rf v i&ion of CienusCaj «ij( um. Missouri Hot. (lord. lUfort 9, 1898, 
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twenty-seven by Tournefort in 1700, eighteen by Miller in 173J, though in 1771 after 
the binomial system had come into use, he gave but ten specific names. Linnaeus 
in the first edition of his Species Plant arum (1753) records two sj)ecies and in his 
Mantissa (1707) recognises two additional ones. In the fouUccnth edition of his 
Systema Vegetabilium, edited by Murray (1789), one new species is given, and in the 
Willdenow edition of the Species Plantarum (1797) still another is added. Bonier 
and Schultzes in their edition of the Systema Vegetabilium (1819), add \\hat they 
considered fifteen good and three doubtful species to those already dt'seribed since 
the time of Linnaeus. Of these fifteen, only one was given fo]‘ the first tinn* by them 
all the others having been previously named by various botanists since Al'illdenow’s 
edition. In 1832 Fingerhuth reci^gnizcd twenty-five accejited s])ecics, together 
with seven recpiiring further examination, and twenty-eight botanical varieties, 
three of the species and most of the varieties being named by him. In 18‘l(i Sendt- 
iicr recorded ton species and numerous varieties as occurring in Brazil alone, he 
having named seven of the species. In 1852, Dunal recorded fifty acce])ted species, 
of which eleven were described for the first time, together with many vari#*ties, 
and eleven species reipiiring further examination, besides thrive doubtful ones.” 

The Index Keweiisis recognises fifty-four specific names, out of nini*ty which ha\e 
been given, but modern authorities gen<‘rally conshler that ther<‘ are only a few- species 
in the gimus. Boxburgh desciibes fi species C, piirjjureum B., (\ (uunium AVilid., 
(\gws.smn AA^illd., C.fndesccns AVilld., i\ minwnm B., and (\ cerasiJof^)ic AAlllcl. 
Of these six species the last named, ( \ ccrtmjormc has globular fruits and ( ^ ndniyninn 
has the peduncles in pahs ; the remainder have more or less elongated fruits with 
solitary peduncles. Hooker reduces the number of Indian s[)ecics to three — C, 
frulesccns Linn., (\ yniiiim^nn Boxb., and C.gros.sion AAhlld. The form ccnmjorwe 
is given as a variety of grosmm and is stated to be rarely culthated in India ; we 
have, how^ever, found that it is the predominant chilli of the Xorth-AA'est Frontier 
Province. Both Irish and Prain still further reduced the number of species to 
two — C. ayinuuw Linn., and (J./rKtescow Linn. The latter species has the peduncles 
in pairs and is synonymous with tln‘ C. mwimuni of Boxburgh and Hooker. The 
species C. annu^iw Linn, is divided into a number of varieties which include all the 
other forms, C. jntrpuremn, C. gross^im, C.cerasifome, etc. of Boxburgh and earlier 
rvriters. The list of species and varieties described by Irish and Prain is as follow s 


IRTSH 

C’. frulesccv^, 

C. nvnuv.n covoides. 

M Jasciculainm. 

„ „ acuminaiym. 

„ „ tongum. 

„ „ ahbreviaium, 

„ „ cerasiforyne, 

„ „ grosaum. 


imAlN 


(\ frvfe'^ctn^. 

,, ,, vai. liac^ntn. 


C. 


ann uinn 


var. acumtn^itn. 
,, abbreviata. 

„ gro^sa. 

„ cfiabifoiviif', 
,, nigra. 
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(2) The Dijferentiating Characters, 

Different authors have attaclied different degrees of importance to the morpho- 
logical characters on which the taxonomic divisions of the genus are based. Gene- 
rally the shape of the fruit and the nature of the calyx are taken as two of the most 
reliable differentiating characters. The erect or pendent character of the fruit is 
not a satisfactory criterion for a main taxonomic division within the genus as botli 
ty{)es occur within different Vtirieti(‘8. The morphological characters used in the 
present paper for the separation of the various tyj)es are as follows : 


1. Nmnber of jpedicels in the axil (Text Fig. 3, Type 1). 



Text Fia. 3. A brancli of Typo 1 sliowini^ thok* than ono pediot*! in an axil ami stagi'S in the dovelopim at 

ol Iho elect fiuit. 


The branching of chillies himulaies dichotomy. At the point of branching tluTc 
is generally a single leriuinal pedicel billing a ilower bud, but in a few somewJi.it 
rare types the pedicels aie not solitaiy, t\^o or even three aiising at the same place. 
This character has heeii raken as the fust main distinction in our classification and 
serves to separati* tin* species '\fn(lesiens'^ from the sjiecies atm mini . The 
present writers aie in agi cement with Train and Irish in making these the only two 
species within the g(mu8. 
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2. Flower colour?- 

Most of tlie varieties have white or dirty-white flowers, in two types, however, 
the flowers are greenish- white and in one they are purple or splaslied with purple 
colour. 

S, Shape of the fruit? 

Fruits may be divided into “ globular ” and “ not globular.” The latter may 
be any shape from elongated linger shaped forms to eonical irr(‘giilar forms nearly 
as broad as they are long. The globular fruited forms are classed by Train in the 
variety '' annuum var. cerasifor^nis and we have adopted this iionKuiclature in the 
case of the globular forms with small fruits. MV have, however, found in our 
collection some large fruited forms in which the fruils although globular can hardly 
be classed as “ cerasiformis.” As in these large fruit(‘d varieti<‘s the surface of the 
fruit is corrugated we have named them “ atinnum var. /-///yo.sa.” In addition to the 
division into fruits “globular” and “not globular” Tjain further divides the 
latter group into “ biuries taperiiig much longer than broad” and “ l)erries not much 
if at all longer than broad, usually obtuse.” We have not found this a reliable 
criterion and have not, therefore, used this chaiMcter at this ))oint in the classifica- 
tion, but at a later stage we have classified fruits as long, medium in length and short, 

4. Nature of the calyx. 

The calyx may or may not enclose the l)ase of tlu^ fruit. This character is used 
by Train and by Irish and we have found it a good and reliabhi criterion. In 
varieties with thin 1 1 uits the calyx usiiii 11}' (‘nelos( s tlu' bas(‘ of the fruit like a cup 
but in forjiis with thick fiuits the base ol Ihe fruit is g(*nerally broader than the span 
of the calyx which therefore forms a flat gieen disc at the> bas(i of the fruit. In rare 
cases when the diameter of the calyx is about e<iual to that ol th(‘ base of the fruit 
it is diliicult to decide whether the calyx is slightly (*nelosjng tin* base of the fruit or 
not ; in such doubttul cases an (*xaJnination of the hugest fiuits on the plant will 
always show that the calyx is really not (‘iiclosing the base of the fruit. 

The four characters imuitioiied above lurnish tli(‘ basis on wliich the separation 
of the dillerent types is made ; all have been used by ])r(‘\ious authors and the system 
followed in this paper agrees wiy closely with that usetl by lhain. 

5 . Shape of Lrausverse .section of ihe frail. 

The transverse section of the fruit may be circuhir, (|ua.drat(‘, corrugated, or 
irregularly angular. 

6. Position of the fruit.^ 

As previously described (png(‘ 60) fruits may be eitluT pendent or erect. In 
oome erect varieties in which the fruits are very heavy, the fruits tend to assume a 


1 Acw Jersey Agri. Coll. K.x2)t. Sta. But. Ihpt. lUU), 243. 

* ^ew Jersey Agri. Cull. Expt. Sta. But. Dept. 10 port 1910, })age 244. 

• Eew Jersey Agri, CoU, ExpL Sta. Bot. JJepL lieport lull), page 289. 
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Lorizoiital position (Text Fig. 1, Type 22) when mature ; the true erect nature of 
such VAin be seen from inspection of the younger feuits. The erect or pendent 
})ositioii of the fruit is a good distinguishing character, but it cannot be used very 
early in the classification as erect and pendent fruited types can be found in many 
varieties. 


7. Colour of the fruit. 

Tlic colour \ 2 of the mature fruit is either red or orange but that of the im- 
mature fruit may be white, light gi‘een, green, dark green or purple. The majority 
of fruits are some shade of green when young and in a number of the types the green 
becomes marked with purple as the fruit develops. The amount of purple which is 
d(iV(iloj)ed varies considerably in dillereiit types, it is generally most marked on the 
side of tlie fruit which is towards the sun. In one of our varieties (C. antiaim 
var. nujra) the immature fruit is entirely purple, and indeed in this type the purple 
colour is spread over the whole plant ; the fruit, liowever, is red when mature. In 
all i-ypes th(i purple colour changes more or less to green again as the fruit ap- 
pro.uilies maturity (iiially becoming red or orange coloured when ripe. The 
j)r(isence or absence of ])urple colour in the fruit, and the degree of its development, 
has been found a useful minor diile.re tiating character. 

'llui ri|)e fruit is either red or orange and the two colours are easily distinguished 
one from the otlujr. There are of course several grades of eaich colour and these are 
dillicult to distinguish, ])articularly in the case of old and completely miiture fruits 
in which the colour d(‘(‘p(ms considerably with exposure to tluj sun. 

8. aS/:c (f I he Ji'uil. 

The ratio of length to breadth in the fruit was Jiot found by us to be a useful 
dillVrentiating character arid as a point of minor distinction we have classitied fruits 
as short (up to 4 cm. long), medium (from 4 to 7 cm. long) and long (above 7 cm.). 

1 ). Surf (ICC (f (he fruit. 

The surface of the fruit is generally smooth in the fresJi state but in all fruits a 
certain amount ol shrinjeage, and resulting wrinkling of the surface, takes on drying* 
In some typ(‘S, however, depressions occur even in the fresli state and in the case ol 
long till 11 truils this wrinkt*d character has been found useful in separating minor 
types. 


10 . Apex of (he fruit. 

I he apex oi the fruit is pointed (acute) in some types and blunt in others. In 
a few special cases ( J ype^ 14, ID, Iti and 17 ) it is more or less lobed with a depression 
in the centre. 


1 liyron, 1). (\)lors in Vej?etable FiuHh. Jour, oj Vol. TX page 22 1018. 

Vew Jersey A(jr%. CoU. tivpl. Sta. Hot. Dept. Heport 1910, page 240, 
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II. Flesh of the fruit 

The inner portion of the wall of the fruit, beneath the skin, is called the flesh, 
fii some types the flesh is very thin, and in others it is very thick, the two kinds can 
Ijc easily distinguished and this has been used as a dilferentiating character by some 
liters ; it is not so used in this paper. 

LJ. Maturity, 

Types are classed as early, intermediate, late and very late. 
i:k Colour of the foliage. 

The different types vary as regards the gr(‘enness of their foliage ; we have classi- 
liL'd them as dark green, green and ligiit green. 

14. Height of the 'plant. 

Types having a height oi less than 40 cm. have been classed as short, from 40 to 
(.0 cm. have been classed as nuKliuin in heiglit, and above 00 cm. have been called 
tall. 

lo. ChariKier of the 

The stem is angular when young becoming circiilai in cioss section as it gets 
older. The colour is at first green which becomes streaked with gr(*y as cork is 
loinied ; in sonn^ vaii(‘ties small patch(‘s of purj)le colour are developed in the stem 
})aLticularly in the axils oi bianch(‘S and le.ives. Irisli states that th(‘ species f rates- 
{( ns and cerasiformc have stems which aie inu(*h swollen at the node Out the foiins 
which wc laive classilied as fralfscca.s aie scarcely swollen at all and ioiins which w'e 
li t\(* plac(‘(l UKr/asiforaie an* onU slightly swollen. Almost all our ty]>es sliow some 
degree of sw'elling at tin* nod<‘, but we do not consider that this charaetei .ifiords a 
sound differentiating Oasis and we have not used it. 


(/i) Key to the Types of Capsicatn. 


I’odu'elg 2 or more (C. Jru lessee 

Unripe Iniits green ........... Type 1 

Unrijie li nits AAhitc ........... Tvpe 2 

l’( (ticols solitary {C, atimtum)— 

i'lowcis purple (0. //I var. ........ T^poll 

Plow ers w lute. 

Fruits globular, large, iiiegular in tidns\eise seitiun, peiuknt (( '. ainimiin \ai. 
i ugom ) — 

Uiuit.s Loiujiletely conugated, I loader than bmg, a]»ex aci} broad . . 'type 4 

Flints (Oil ugated at ba^j (uil^, medium in w/e, llattened at top witb disOm 1 

dc]»resbioii at the base ot style, bioader than long .... dvjie r» 
Fruits globular, small, iiiiularin tiansieisebeetion (( '. annuum var. ienidijonni ,')) — 

Fruits pendent, led, small, not conugated, Laid, syminctiically globulai, 
bieadth ctpial to length {C. anmum .vai cerasifonnis ppnduta)— 

J.ca\es light green Type 0 

Leaves gieeii 4ype 

Fruits erect, orange, small, with distinct apical point (('. anmnnn var. 
ccrasxhrmi'i erccUi) .......... Type 8 


* New Jersey Ayiu Coll. N.ipl, iSla, Boi, JJepL JiepoH IblO, page 242 
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Fruits elongated — 

Calyx not embraeing the base, fruits generally broad — 

Fruits eiiciilar in transverse section — 

Fruits short (up to 4 cm.) (6’. annuiim var. abbreviaia ) — 

Tniit a])ox acute, leaves dark green . . . , , 'J’ypo 0 

Fruit apex blunt, leaves light green . . . . ; Type 10 

Fruits medium in length (from 4 to 7 em.) (C. annuum var. intermedia) . Tyi^o 11 
Fruits long (abo\e 7 em.) (C. annnum var. tonga ) — 

Fruits sligidly puiplo before maturity, smooth . . . Type 12 

Fruits not jnirplc before maturity, rough surfaced . • tVf^^ 

Fruits iiot circular in tiansverse section— 

Fruits angular or irregular in traiis\erso section (C. annuum varj 
gro.'^s'u)- ■ 

Fruits orange yellow when ripe Type 14 

Fruits red when ripe — 

Fruits not purjrle before maturity — 

Plants short Type 15 

Plants tall ........ Type 1(> 

tTuils slightly j)ur])lo before mat uiity .... Type 17 

PTuits (juadiatc in transverse section ((.'. annuum var. guadrata ) — 

Fruits short in Icngtli-- 

Le.ives light gi ecu, plants early Type IS 

Lea\cs dark grc‘en, plants intermediate in maturity . ^Fypo 10 
Fruits medium in length ...... 'i'ype 20 

Calyx embracing the base, circular in transverse section — 
l^’ruits eic(t (C. unnuuni var. amminata crecta ) — 

Fruit orange . 'Fypo 21 

Fruit red .......... Type 22 

Fruits pendeni <(C. atmuum var. uenntinuia jwnduJn ) — 

Fruit ojange — 

I'Viiit shoil in length 'Jypo 211 

Fiuit mediuin in Icnglb — 

Leaves liglit giec) , plants s[>teailing .... 'Jype 24 
l.ea\es dark giecM, 2 >hints elect ..... Type 25 
Fruit loiig- 

Leavos \eij light green — 

IMantseaily Tyjie 2(5 

Plants late Type 27 

Leaves dark green— 

I’luils not ])ui pie belore maturity . . . Type 2 S 

l*'iuits niodeialel} purple before malm ily . . 'Type 2‘J 

l''rnits led — 

Fruits shoit in loiiL'Ih — 

LiMves licdit giccn, ])|antH bpic‘a{h.j*g .... 'Ij-pe 50 

Leaves giccii, |)laufb tall ...... 'i\> j e 51 

J.cav es (lark green ^ 

Plants spi ending, early ..... Tvja* c2 

Plants erect, talkintermediate in mat urit}' . . 4’}pe 55 

Fiii.ts rncdiujii in length- - 

Leave. Ul'IiI green, fruit incaJeialclv pur])le hel«.rc matin ity T 3 ])e 5 1 
I AM VC*.? giei n, Irmt not belore maturity . . 5'ype 55 

ix'aves daik green, fruit with much jnirple colour befoie 
maturity — 

Plants early, sjireading 'Typo 5(5 

Plants laic, eieet Type 37 

Fruits long- 

Fruit nol wrinkled— 

Fruits not purple before maturity, leaves light 

green . . 4’ypc 5S 

Fruits moderately purple leforo maturity, leaves 
green • . ^ .... Type 39 
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Fruits long— co»/d 
Fruits not wrinkled — conld» 


Fruits Avith much purple colour before maturity — 


Leaves green .... 

. . Type 40 

J^eaves dark green. 

. , Tyiie 41 

Fruits wrinkled — 

Fruits not i>urpio before maturity — 

J. eaves light green— 
rial. ts very late 

. . Type 42 

riants intermediate m maturity 

. Type 43 

la*avcs green .... 

. . Type 44 

Lcav cs dark green .... 

• • yp® 45 

Fruits moderately jmrplc before matin ity — 
IManfs early .... 

. Type 4G 

Plants intermediate in matuiity 

. , 3’ypo 47 

. . Type 48 

Plants late in maturity . 

Fruits with mueh purple colour befoie matuiity — 

Leaves light green 

. Type 4!) 

. . Type 50 

J.,eav es green .... 

Leaves dark gieen 

Plants early .... 

. . Type 61 

Plants laic .... 

. . Type 52 

Stalomnl showimj the origin of the .seed from, ivhieh eultme.s mere 

grown for the 


Wjlalion of I Iw ti/pcs. 


Place 

Disliiet 

Pio\ nice 

Type No. 
1028-29, 

Peshawar 







Peshawar 



N. W. FroiitiiT 

0 

»» 










ft • 

7 

Lahore 







Lahore . 



Punjah 

32 

kS.aharanpiir 







Sahauinpui 



U. P. . 

8 

>» 







- 



„ . . . 

23 

ft 










„ . . . 

31 

99 










„ . . . 

10 

Piisa Farm 







iMihlianga 



Bihar and Oiissa 

3 

„ 










>> • 

4 

1) 







79 



ft • 

13 

ft 






• 

99 



»> • 

41 

Cuttack 







Cuttack 




22 

ft 






• 





46 

Birbhum 






• 

PirliJium 


• 

Bengal . 

21 

tt 



• 




ft 

• 

• 

• • • 

24 

ft 


• 

• 





• 


. 

30 


B 
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StatemcrU showing the origin of the seed from which cultures were grown for the 
isolation of the types — coutd. 


l*laco 

District 

Province 

Type No. 
1928-29 

Faridpur 





Faridpur 


Bengal . 


25 

»» * • 


• 



tt • 


tt • • 


28 

Jcasoro 





Jessoro . 


tt • • 


20 

it • • 





>» • 


tt • • 


29 

Bcrhanipiir . 





Berhampur . 


tt • • 


38 

Howrah 





Howrah 


tt • • 


40 

Comilla 





Tipera . 


n • • 


35 

• • 





tt • * 


tt • • 


39 

ft • • 





tt • • 

• 

tt • • 


43 

»i • * 


• 





tt • • 


61 

Sutton’s ]\laminotIi liOUg Uoa 



.... 


.... 


15 

Sutton’s Colossal , 







.... 


14 

Sutton’s Spanish (liant 





— 


.... 


17 

Jorhat 





Sibsagar. 

• 

Assam . 


34 

Surma Vall(‘y 





. 


tt • . 

* 

30 

.* .} • 







,, 


37 

Nadiad 





Kaira . 


Bombay 


44 

• • 





tt • • 


tt • 


50 

•f • * 





tt • • 


tt 


52 

Alinic'dabad . 





Almicdabad . 


tt . 


33 

A K 

tt • * 





f9 • 


tt . 


48 

Bail Hon gal 


• 



Bclgauin 


»» 


49 






Dharwar , 


tt 


42 






tt • 


tt 


47 

Kumpta 





Kanara • 

• 

tt 


9 

Malabar"] 





Malabar 

9 

Madras . 

4 

1 
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Statement showing the origin of the seed from which cultures were grown for the 
isolation of the types — concld. 


Place 

District 

Province 

Type No. 
1028-29 

Malabar 





Malabar. 

Madras . 


2 

Coimbatore . 





Coimbatore . 

f9 • * 


16 

Ganjam 





Ganjam 

99 • • 


27 

M(uktila 





Mciktil.x 

Burma . 


5 

»» • • 





tt • • • 

>» • • 


18 

It • • 





„ . . . 

• • 


19 

tt • ■ 





>» • • • 

• • 


20 

Allanmyo 





Tliayotmyo . 

99 • • 


11 

tt • • 

• 




99 • • • 

1 • • 

• 

12 


IV. Description of the types* 

The fruits of all types are illustrated on Plate I. 

Type 1. Plants tall (76 cm.), very late, prolific, perennial ; leaf 12*0 cm.Xo‘8 cm., 
green ; floweis 2 or more in the axil ; pedicel longer than the fruit ; corolla greenish 
white ; calyx enclosing the base of the fruit ; style white ; fruit short, 1*8 cm. X 0*3 
cm., two celled, elongated, circular in transverse section, erect or sub-erect, unri| e 
green without any purple colour, becoming red when mature, apex acute, llesh thin, 
average weight of a fresh ripe fruit 0-12 gram. A very pungent form. 

This type agrees with the species (!. fruksceus of Iiish. 

Type 2. Plants tall (7.1 cm.), late, ])rolific, perennial; leaf T-O cm. X 4-2 cm., 
yellowish green ; flowers 2 oj* more in the axil ; |)edicels longer than the fruit ; coroll.i 
greenish white; calyx enclosing the base of the fruit; style white, fiuit short, 1-8 
cm. X 0*3 cm., two celled, elongated, circular in transverse section, erect or sub-erect, 
unripe white without any purple colour, becoming red whem mature, apex acute, 
flesh thin, average weight of a fresh ripe fruit 0*12 gram. A very pungent form. 

This type agrees with the O.frutesccns of Irish. 

Type 3. Plants tall (i'Ari) enn), intermediate in maturity, poor in bearing, annual ; 
leaf 8*5 cm. X 4*2 cm., purple ; flower one in the axil ; j)edicel nearly equal to the fruit ; 
corolla purple ; calyx not enclosing the base of the fruit ; style purple ; stigma purple ; 
fruit short, globular, 1*2 cm. X 1*4 cm., 3 celled, circular in transverse section, erect, 
unripe purple becoming red wdien mature, apex blunt, flesh thick, average weight 
of a fresh ripe feuit 0*98 gram (see Plate 111). 
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This type does not agree exactly with any of the types described by Irish ; it 
shows, however, similarity with the form “ Black Nubian ’’ (Irish page 76 ). 

Type 4. Plants tall (72 cm.), intermediate in maturity, moderate in bearing, 
annual; leaf 9*6 cm. X 5*2 cm., dark green; flower one in the axil; pedicel nearly 
equal to the fruit ; corolla wliite ; calyx not enclosing the base of the fruit ; styles 
white ; fruit sliort, swollen, completely corrugated, broader than long, globular, 
13-0 cm. X 4*0 cm., 3 to 4 celled, irregular in transverse section, pendent, unrijio 
gr(‘en with much purj)le colour, becoming red when mature, a])ex blunt, very broad, 
flesh thick, averag(i weight of a fresh ri])e fruit h-O grams (see Plate IV). 

This type resembles the form Squash (Irish, page 87). 

Typ(i 5. Plants tall (61 ctn.), intermediate in maturity, ])rolific, annual ; leaf 
9*1 cm. X 4*8 cm., dark green; flower one in the axil; pedicel nearly equal to the 
fruit ; corolla white ; calyx not enclosing the base of the fruit ; style wliite ; fruit 
short, 2*4 cm. X 2*8 vm., 3 celled, globular, irregular in transverse section, corrugated 
at base, broad(‘r than long, pendent, unripe dark green without any ])ur})le colour, 
becoming red when matur(\ apex blunt with distinct dejiression at the base of style, 
flesh thick, av(U*ag(‘ weight of a fr(‘sh ripe fruit 5*3 grams. 

This type is not described by Irish. 

Typ(‘ G. Plants uK'dium in height (57 cm.), early, moderate in bearing, annual ; 
leaf J2-0 cm. X 5-2 (‘in., light gr(‘en ; flower one in the axil ; ])edicel nearly ecpial to 
the fruit; corolla white; calyx not enclosing the ))ase of the fruit; style white; 
fruit short, 2*0 cm.X P8 cm., 3 celled, symmetrically globular, circular in transverse 
section, not corrugated, hard, jiendent, unri])e light green with moderate ])ur|)le 
colour, b(‘coining red ^\hen mature, aj)ex blunt, llesli rather thick, average wc'ight 
of a tivsh ripe fruit 2*3 grams. 

This type r(‘sembl{‘s the form (7ierry d(‘scribed by Irish (page 93). 

Type 7. I^Iants inMliuin in height (17 cm.), (‘arly, moderate in bearing, annual; 
l«*af 8-5 cm. X 3‘5 cm., green : fl()W(‘r om* in tlu‘ axil; pedicel iiearlv ecpuil to tlu‘ 
fruit ; corolla Avhite ; calyx not enclosing tin* base of the fruit ; style white ; fruit 
shoit, 1*7 cm.Xl*9 cm., 3 celled, symin(*trically globular, circular in transverse 
section, not corrugat(*d, ])end<‘iit, unrij)e light green with slight purple colour, 
becoming red when mature*, ap(*x blunt, flesh rather thick, average weiglit of a 
fnxsh rip(* fruit 2*6 gi*ams. 

This type r(‘seml)les the foiun dierry (Irish, page 93). 

Ty|U‘ 8. Plants tall (t)2 cm.), early, moderate in bearing, annual ; leaf 8*5 cm. 
X‘1‘1 cm., light green ; flower one in the axil ; pedicel nearly equal to the fruit ; 
corolla white ; calyx not enclosing the base of the fruit; style white ; fruit short, 
1*5 cm. X 1*1 cm,, 2 to 3 cellecT, globular, with distinct apical point, circular in trans- 
verse section, erect, unripe* light green with much purple colour, orange when mature, 
flesh thin, averagt* weight of a fresli ripe fruit 0-74 gram (see Plate II). 

this ty])e was isolat(*d from a culture which w^as splitting into forms with red 
and yellow and erect and {)endent fruits. 
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It may resemble tlie form Prince of Wales described ))y Irish (pa,ge 93) ; it is 
not however stated by Irish whether tliis foim has (‘r(*el fi iiits. 

Type 9. Plants Jiicdiiim in lieight (40 cm.), (‘arly, inoihM'aici in bearing, annual ; 
leaf 9 5 cm. X 4-5 ein., dark green ; flower one in flu* axil ; pedici*! s]u)it(*r than the 
fruit; corolla white; calyx not enclosing the I)as(‘ of the fiuit; style Avliite ; fiiiit 
short, 3*6 cm. X 1-7 cm., 2 celled, elongated, circular in transverse s(‘ction, ])end(‘nt, 
unripe green with ino(lera.tc purple colour, ])oconiitig red wlien niatuu', ap(*x acute, 
flesh thick, ave.rage weight of a fresh ripe fruit 2*0 grains. 

This type is not described by Irish. 

Type 10. Plants medium in height (58 cm.), internu'diate in maturity, moderate 
in bearing, annual ; leaf 8*5 cni.x4-5 cm., light gr(‘(‘n ; lio\\(‘r one in the axil ; ])ediccl 
shorter than the fruit; corolla AvIiite; calyx not enclosing the l)as(‘ of tlie fruit; 
style white ; fruit shoit, 3*7 cm. X 1*7 cm., 2 to 3 celled, (‘longated, circular in trans- 
verse section, ]»end(*nt, umi])e green with a slight pui])h' colour, becomijig red vhen 
mature, apex blunt, flesh thick, average weight of a hesh il|u* fiuil 3*1 grams. 

This type is n<jt describ(‘d by Irish. 

Type 11. Plants tall (70*0 cm.), intermediate in inatuiity, ])oor in bearing, 
annual; leaf 8-0 em.*X3*9 cm., green; ilower one in tlu‘ axil : piaiiced shorter than 
the fruit; corolla white; calyx not (‘uclosing tlu* base ol tlu‘ fruit ; style whit(‘ ; 
fruit medium in length, 1*2 cm. X 2*4 ctn., 2 celled, (donga. te<l. mori* or h‘ss conical, 
circular in transv(‘rs(‘ section, pimdent, umip(' d.nk gre(‘n SNithout any purple colour, 
becoming red when matun*, apex acute*, llesh thiik, aMuagi* W(di>h{ ol a fre^sh ripi* 
fruit 4*() grams. 

This type is not described by hish. 

Type 12. JMaiits tall (02*0 cm.), early, ])rolille, annual ; h^al 84) em.X3*r) cm., 
dark green; ilowe*!' one in the axil; pedice*! shortet than tin* fuiit ; ( orolla white; 
calyx not enclosing tlie basi* of the iniit ; sInIi* white* ; fniil long, 7*5 em.X 1*0 cm., 
2 celled, elongateMl, eiieuhir in transveise st*(1i()n, peneU'iit, nmipe gre(*n witli a 
slight puTiilc colour, becoming red whem imitme*. ape*\ aeide, tlesli tliiedc, sin face 
smooth, average weight oi a fresh ripe* fiuit 4- 1 grams. 

This type is not deseribe*d by Iiisb. It A\as isokded fiom a culture* A\hicli w’as 
splitting as regards the si/e* of its fruits. 

Type 13. Plants medium in height (57*0 cm.), early, luodeTate^ in bearing, 
annual ; hiaf 9*1 cm. X 4*1 cm., dark green ; flower one* in tlu* axil ; jit'diee*! short(*r 
than the fruit ; corolla while ; calyx not (‘ludosing the* base of the* fruit ; stylo white ; 
fruit long, 13*0 cm.x2*2 cm., 2 celh^d, eh^ngate'd, cireular in fiansvcise* se*ction, pen- 
dent, unripe light green witliout any purple colour, hccoming I’od Avlieii mature, 
apex acute, flesh thick, surface rough, average w^eighl of a fre*sh ripe fruit 7*5 
grams. 

This type resembles the form Cardinal (Irish, page 78). 

Type 14. Plants medium in height (50*0 cm.), very late, vi'ry poor in bearing, 
annual ; leaf 10*5 cm. X 5*0 cm., green ; flowe*!* one in flic axil ; pcdice*! shorter than 
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the fruit ; corolla white ; calyx not enclosing the base of the fruit ; style white ; 
fruit long, 10*0 cm. X 7-0 cm., 4 celled, elongated, angular in transverse section, 
pendent, unri])e dark green with no purple colour, becoming orange yellow when 
mature, ai)ex blunt and lobcd, flesh thick, average weight of a fresh ripe fi-uit ^^7 
grams. 

This culture was obtained from Messrs. Sutton and Sons (Calcutta) under the 
name of Colossal and according to their catalogue ^ has red fruits. The type as 
isolated by us, however, has orange yellow fruits and resembles the form Yellow 
Spanish of Irish. 

Type 15. Plants short (37*0 cm.), intennediate in maturity, poor in bearing, 
annual ; leaf 9-2 cm. X 5-1 cm., dark green ; flower one in the axil ; ])edicel shorter 
than the fruit ; corolla white ; calyx not enclosing the base of the fruit ; style white ; 
fruit long, 13-5 cm. X 3*5 cm., 3 celled, elongated, circular in transverse section, 
pendent, unripe gr(*en without any purple colour, be(‘oming red when mature, apex 
acute, soJiK^imes lobed, flesh thick, average weight of a fresh ripe fruit 19*0 grams. 

This typ(‘ was received from Messrs. Sutton & Sons (Calcutta), with the name 
Mammoth Long P<‘d. It resembles the form Eh^phant’s Trunk described by Irish 
(page 80). 

Typo 16. Plants very tall (78*0 cm.), V(‘ry late, very ])oor in bearing, annual ; 
leaf 7*4 cm.X 1*1 cju., green ; flower one in the axil ; pedicel shorter than the fruit ; 
corolla white ; calyx not enclosing the base of tin' fruit ; style white ; fruit medium 
in length, 6*0 cm.X 2*5 cm., 2-3 celled, elongated, angular in transverse section, 
|)endent, unripe gr(‘eu without any purple colour, Ix'coming red when mature, apex 
blunt and lobcd, flesh thick, average weight of a fresh ii])e fruit 3-() grams. 

This ty])c resembles the form Sweet S])anish of Irish (page 83-4). 

Type 17. Plants tall (72-0 cm.), late, very poor in bearing, annual; leaf 8-0 
cm.x3*8 cm., gi(‘(‘n; flower one in the axil ; pc'dictd shorter than the fruit ; corolla 
white ; calyx not enclosing the base of the fruit ; style wliitc ; fruit long, 10*3 cm.X 
5*0 era., 3-1 ccIIcmI, elongated, angular in transv(‘rso section, pendent, unripe da ik 
green with a slight [)urple colour, becoming red when mature, apex blunt and lobcd, 
flesh thick, average weight of a fresh rijre fiiiit 67 grams (sec Plate \). 

This culture was received from Messrs. Sutton & Sons ((^alcutta), with the name 
Spanish Giant. It resembh‘S the form Sweet S]>aiiksli of Irish (page 83 — 4). 

Typo 18. Plants tall (62*0 cm.), early, prolific, amnial : leaf 9*0 cm.X 4*6 cm., 
light green; flower one in the axil; ])cdicel shorter tlian the fruit; corolla whit(‘; 
calyx not enclosing the base of the fruit ; style white ; fruit short 4*0 cm.X 3*0 cm., 
3 celled, elong<ited, quadrate in trtmsv(‘rse section, pendent, unripe gi‘eon wdtliout 
any pur])le colour, becouiing red when mature, apex blunt, flesh tliiek, average 
weight of a fresh ripe fruit 11*4 grams. 

This type is not described by Irish. 


^ Sutton’s Garden Seeds, 1927. 
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Type 19. Plants medium in height (60-0 cm.), intermediate in maturity, pro- 
lific, annual ; leaf 8*5 cm.x4*fi cm., dark green ; flower one in the axil ; pedicel sliortcr 
than the fruit ; corolla white ; calyx not enclosing the base of the fruit ; style 
white; fruit short, cm.X^i'Ocm., celled, elongated, quadrate in transverse 
section, pendent, unripe green without any pur])le colour, becoming, red when 
mature, apex blunt, flesh thick, average weight of a fresh ripe fruit, 7-9 grams. 

This type is not described by Irisli. 

Type 20. Plants tall (70-0 cm.), early, moclerate in bearing, annual; leaf 7*5 
cm. X 3-5 cm., green; flower one in the axil; pedicel sliortcr than the fruit ; corolla 
white ; calyx not enclosing the base of tlie fruit ; style white ; fruit medium in length, 
4*8 cm.x2*t) cm., 2-3 celled, elongated, somewhat conical in shape, quadrate in 
transverse section, pendent, unripe green without any ]nirple colour, bt‘Coming 
red when mature, a])(‘x acute, Ih'sJi tliick, average weight of a fr(\sh ripe fruit (i-O 
grams. 

This type is not described by Irish. 

Type 21. Plants medium in lieight (57-0 cm.), J.ite, moderate in bearing, annual ; 
leaf 7*0 cm.x3-0 cm., dark greiui ; ilowin* one in the axil; pedicel sliortcr tliaii the 
fruit ; corolla whiti' ; calyx enclosing the bas(‘ of th(‘ fruit ; style white ; fruit short, 
4*0 cm. X 0-7 cm.. 2 e(‘ll(‘(l, elongated, circular in transverse section, erect, unripe 
light greiui wdth much |mipl(‘ colour becoming orange wlien mature, apex acute, 
flesh thin, avciage weight ol a fresh lipe iiuit 0-93 grains. 

This type resembles the Yellow' (liilli ol liish (page 71). 

Tyj)e 22. Plants very tall (80-0 cm.), earl), prolific, annual; leaf 13-() cm.Xfi‘0 
cm., dark given ; tlow'fu* oiu^ in tlu' axil ; pi'dicel shortiT than the fruit ; corolla W’hite ; 
calyx enclosing tlu' basi* of the fruit ; style white, ; fruit medium in length, 0-4 cm* 
Xl*0 cm., elongated, circular in transv(‘rs(‘ section, erect, unripe dark green with 
much purple colour, boi oming red when mature, a])ex acute, flesh thin, average 
weight of a fresh ripe fruit 0-85 grams. 

This type resembh^s the Chilli of Irish (page 70). 

Type 23. Plants short (34*0 cm.), wry early, moderate in bearing, annual ; 
leaf 5*0 cm. X 3-0 cm., light green; flower on(‘ in the axil ; pedicel shorter than the 
fruit ; corolla white ; calyx almost enclosing the bas(‘ of the fruit ; style white ; 
fruit short, 2*7 cm. X 1-2 cm., 2 celled, elongated, circular in transverse section, 
pendent, unripe light green with slight purple colour, becoming orange when mature, 
apex acute, flesh thin, average weight of a fresh ripe fruit 0*87 gi’ams. 

This type resembles the Yellow Nepal of Irish (page 73). 

Type 24. Plants spreading, tall (1)3*0 cm.), very early, proliflc, annual; leaf 
10*5 cm. X 5*0 cm., light green ; flowvr one in the axil ; pedicel shorter than the fruit ; 
corolla white ; calyx enclosing the base of the fruit ; style white ; fruit medium in 
length, 5*0 cm.X 1*2 cm., 2 celled, elongated, circular in transverse section, pendent, 
unripe green with much purple colour, becoming orange when mature, apex acute, 
flesh thin, average weight of a fresh ripe fruit 2*4 grams. 
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This iy|)e is not duscribod by Irish. 

Tyj)o 25. rinnts very t;ill (73-0 cm.), early, ])rolific, annual; leiif 10*0 

c*iii.x5-(l cm., dark ; flowtu* cue in tlie axil; |)edieel sliorter than the fruit; 

corolla ^\llite; cjjlyx t‘iu*loMii^ the bast* oi the fruit; style white; fruit medium in 
l(‘n^th, 7-0 cm.X 1*0 cm., 2 celled, elongated, circular in transverse section, pendent, 
iinri[)i‘ gr(‘en with moderalt^ j>ui‘p]e colour, becoming orange when mature, apex 
acute, llesh thin, aveivg ‘ weight ol a fresh ripe fruit 2*7 grams. 

^riiis type is not des(Tib('tl by Irish. 

Typ(' 2b. Plants nuMliiim in height (54*0 cm.), early, prolific, annual; leaf 9*5 
cm.X '1*2 cm., light gnam : flower one in the axil; pt‘dicel shorter than the fruit; 
corolla whit(‘; calyx almost (mclosiiig the base ol the fruit ; styl(‘ jmrple ; fruit long, 
8*4: cm.X 1-P cm.. 2 c(‘ll(‘d, (‘loiiuated, (ircular in tr.i,nsvers(‘ section, pendent, unripe 
light gr(‘(‘n with much j)in]>le c()h)iir, becoming oiange wlum mature, apex acute, 
tlesh thin, a\erage W(*ight a b<‘sh lipe liuit 4*0 grams. 

17 iis typ(i is not (l(‘S( i ibinl )>} liish. 

'rv|)e. 27. Pknits iiKnlmm m lusght (51*0 cm.), late, proliti(‘, annual; leaf 8-8 
cm.x2>*8 cm,, Te^ht gieiii, llower one in tln^ axil ; pedicel slioiter than th(‘ fruit ; 

corolla, w'hiie ; e,il\ \ <mclosmg th(‘ bise ol the Iriiit ; stvle white ; fruit long, 8-2 cm. 

Xtt-7 cm., 2 ((‘Ih'd, (‘hue; ite.l, (ioiilai in tians\ers(‘ S(‘etion, pendent, unrijje griuni 
with much pnij)!!' coloiii. l)e(oming oiaiigi* wlicji mature, .ipi‘X acute, Hesh thin, 
av(‘rage wi'ight ol <i liish iipe hint IxSgiams. 

Type 28. Plants medium m height (55-h cm.), e«irly, [)rolilic, annual; leal 9-0 

em.X3*7 cm., daik gietm; ilowei one in tin* axil; pedicel shoihu' than the fruit; 

coiolla white; e<d\x enclosing tlH‘ 1),(S(‘ ol the Iruit; styh^ white; Iruit long, 10 9 
cm.X 1*0 cm., 2 (‘elhd, elongatt'd, eirciihir in lr,insveise section, ])endent, unripe 
green without <iiLy purph' colour, becoming orange wlwn mature, apex acute, hesii 
thill, av(‘rag(‘ widglit ol a Jiesh lipe huit 2-8 grams. 

Type 29. Plants M‘ 1 ) tall (8;r(t cm.), late, prolilic, annual ; leal 13*0 cm.xO-O cm., 
dark green ; llower one in the axil ; [)(‘dieel shorter than tlie fruit ; corolla white ; 
calyx enclosing tin* b<i.se ol the liiut ; style purple; liuit long, 12*0 cm.X 1*0 cm., 
2 celled, elongatixl, eiicular in tiansverse section, jieiuleiit, unripe light green witli 
nio(h;rat(3 purple colour, becoming oiauge when nuitmxg apex acute, llesh thin, 
average weight ol a Ik'sIi i ijie liuit 5*5 gianis (see Plate 11). 

This tyjie and the two pieeetling t}pes, 27 and 28, resemble the Long Yellow 
Cayenne ol Irish ([lagi' 72-72)). 

4Yi>e 30. Pkuits spHMding, iiudinm in hciglit (‘18*0 cm.), late, poor in bearing, 
annual; leal 8-5 (ui.X'h') cm., light green; flower one in tJie axil; pedicel shorter 
than tile fruit ; ( u'olla white; eal\x enclosing the base of the fruit ; style white ; 
fruit short, 1*0 cm.X 10 cm., 2 eelh'd, elongated, circular in transverse section, 
pendent, unripe green with much ])urple eoloiir, becoming red when mature, 
apex blunt, llesJi thin, a.veiage weight ol a fresh ripe fruit LG grams. 
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Type 31. Plants spreading, tall (G9-0 cm.), early, modeiate in bearing, annual : 
leaf 9*5 cm. X 4-6 cm., green; dower one in tlie axil ; pedicel slioiter tlian tlie fruit ; 
corolla white ; calyx enclosing the base ol the liuit ; style white ; liiiil short, 3-0 
cm. Xl‘l cm., 2-3 celled, elongated, circular in transverse section, pendent, unripe 
light green wdth moderate [)urpl(‘ colour becoming red wlnm mature, apex acute, 
flesh thin, average w'(*ight of a hesh ripe fruit 1*3 grani'^. 

Ty])e 32. Plants spreading, medium in height (49-0 cm.), early, moderate in 
bearing, annual; leaf lO-b cm.X'PT cm., daik gieen : dower one in the axil : pedicel 
shorter than the fruit; corolla white; calyx enclosing the bas(‘ oi the iruit ; style 
wdiitc ; fruit short, 3-3 cm.X 14) cm., 2 celled, elongated, circular in tiansv<‘ise section, 
pendent, unripe light green with much ]nnple colour, bcKoming ud when matin e, 
apex acut(‘, llcvsh thin, a\erage w'eight ot a fresh lipe fiuit ]-4 giains. 

Type 33. Plants ere( t, m(‘dium in lieight (GO-O (in.), int(Tmediat(‘ in maturity, 
pr(flific, annual; leaf 10*3 cm.x4*9 cm., daik green ; flower one in tin* axil ; pc'dicel 
shorter than the iruit ; corolla white ; calyx almost enclosing the ])ase of tlie fiuit ; 
style purph* ; fruit shoit, 3-3 eni.X 1*2 cm.. 2 C(‘ll(‘d, elongated, eiuular in tiansveisi* 
section, pendent, uniipc* d.iik gri'eii witli much i)ur])le colour, liecoming red when 
mature, apex acute, fh*sh rather thick, a\(‘rage weight ol a in^sh liyv iruit 2*2 grams. 
This type and ty])es 30. 31. 32, resemble the Nepal ( hilli of liish (page* 73). 
Ty])e 31. Plants tall (03-0 cm.). \eiy c‘arly. \ery jnolilic. annual; leaf lO-O 
cni.X'kO cm., light green ; flow(*i‘ oik* in the axil: p(*dic'(*l shoit(*i than the fiuit : 
corolla wliit(* ; calyx eiielosiiig tlie base ot tin* liuit : ,st\h‘ puijde : iiuit m(*dium in 
l(‘ngth, 5*7 cm. X 0*8 cm,, 2 celled, eloiiiiated, eiic-nkn in tiansveise section. ])endent, 
niiri])e green witli mod(‘r<ite jiurple coloui, b(*(oniing ic'd when matuie. apex aciit(\ 
flesh thin, average weiglit ol a liesh lipe liuit M grams. 

Type 33. Plants medium in height (37-0 cm.), c-ai 1\ . modrrati* in l)eaiing. animal : 
leat 7*5 em.X 1*2 ein., green : flower one in tlie axil ; p(*di(el shoitcu than the liuit ; 
corolla white: cahx enclosing the base ol the iiuit : style white; fiuit mc*diuni in 
l(‘ngth, 0*2 cm.X0-(S em., 2 (•t*lled, elongatc‘(l, eiieiilai in iraiisvi'isi^ s(*c*tion, pendent, 
unripe green without any jmrjfle colour, becoming led wln'ii matme. apex acute 
flesh thill, a\c*rage weight ol a liesh lipe fiuit 1*9 gi«ons. 

Tyjie 30. Plants spr(*ading, medium in ht'ight (32*0 cm.), t*aih, prolilie, annual ; 
leaf 9-3 cm. X 1-0 cm., daik giceii; flow«*r one in the axil ; pedicel shoiter than the 
fruit ; corolla w’hite ; calyx enclosing the bas(* of tin* fruit ; style ])inple ; liuit iiK'ciium 
ill length, 3*0 cm. X 1*3 cm., 2 celled, cdongated, c'iic'ular in t]aiis\ (‘is(* section, pendent, 
unri])e green with mueh purple eolour, Ix^coming red when mature, a^iex acute, 
flesh thill, av(*rage w'eight of a fresh rijie fruit 2*4 grams. 

Type 37. Plants erect, medium in height (30*0 cm.), late, pooi in bearing, annual ; 
leaf 7*0 cm. X 2*8 cm., dark green ; flowc‘r one in the axil ; jicalieel shorter than the 
fruit ; corolla wdiite ; calyx enclosing the base of the fruit; style jmrple ; fruit 
medium in length, 5*7 cm. X 0*8 cm., 2 celled, elongatinl, circular in transverse 

c 
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section, |)eiKk‘nt, unri])o dark green with iiuich piiT])le coloin, becoming red when 
mature, a})ex acute, ilesh thin, average weight of a fresh ripe fruit l*G grams. 

Tliis type and types 34, 3^, 3G do not a])])ear to be described by Irish. 

Type 3(S. Plants medium in height (G0*() cm.), late, prolific, annual; leaf 9*8 
cm. X 4*3 cm., light green; flower one in the axil; pedicel shorter than the fruit; 
corolla wliite ; calyx enclosing the base of the fruit ; style white ; fruit long, 10-8 
cm. X 0-8 cm., 2 celled, elongated, circular in transverse section, not wrinkled, 
pendent, unripe light green without any purple colour, b(‘Coming red when mature, 
apex acute, flesh thin, average weight of a fresh ripe fruit 2*5 grams. 

Type 39. Plants tall (()8*0 cm.), late, prolific, annual; leaf 10*0 cm. X 4-5 cm., 
green; flower one in the axil ; pedicel shorter than the fruit ; corolla white; calyx 
enclosing the base of the fruit ; style white; fruit long, 8*3 cm.xM cm., 2 celled, 
elongat(*d, circular in transverse section, not wrinkled, pendent, unripe light gi'een 
with slight pur])le colour, becoming red when matun*, a])ex acute, Hesli thin, average 
weight of a fresh ripe fruit 3*9 grams (se(‘ Plat(‘ 111). 

Type 40. I'lants mediimi in height (55*0 cm.), intermediate in maturity, 
moderate in bearing, annual ; leaf 9-0 cm. X 8*8 cm., green ; flower one in the axil ; 
])edicel shorter than th(‘ fruit ; corolla whit(‘ ; calyx enclosing the base of the fruit ; 
style white ; fruit long, 7*8 cm. X 0-8 cm., 2 celh'd, elongated, circular in transverse 
section, not wrinkled, ])endent, unri])e green with much ])ur[)le colour, becoming 
red wlnm malure, apex acute, flesh thin, average weight of a fresh ripe fruit 2-0 
grams. 

Type 41. Plants tall (Gl-0 cm.), early, very proliiic, annual ; leal 12-5 cm. X 5*2 
cm., dark green ; fhnver one in the axil ; [)edie(‘l shorter than tlie fruit ; corolla wdii+e , 
calyx enclosing the bas(‘ of the fruit ; .style white; fruit long, 9*4 cm.xM cm., 2 
celled, elongated, circular in 1ransvers(‘ .section, not WTinkled, ])t‘ndent, unrijK* 
green with much ])iirple colour, becoming ri'd wlum mature, apex acute, flesli thin. 
av('rag(‘ weight of a fresh ripe fruit 5-9 giams. 

This typt‘ and ty])(‘S 38, 39, '19 re.sembh* the long ( ayemne of Irish (page 71). 

Type 42. Plants nuMlium in height (51-0 em.), \erv late, ])oor in bearing, annual , 
leaf 7-9 cm.x2-8 cm., light grtMUi ; flower one in tin* <ixi] ; p(‘dicel shorter than t]it‘ 
fruit ; corolla white ; calyx <‘nclosiug the bast* ol the fruit ; style white ; fruit long, 
13-9 em.x9*7 cm., 2-3 celled, elongated, circular in transvt'r.se section, wrinkled, 
pendent, unript* light green without any ])urple colour, becoming red when matim*, 
apex <icutt‘, fh‘sh thin, avt*ragt* w<‘ight of «i fresh ripe fruit 2*3 grams. 

Type 43. J9ants medium in heiglit (41*9 cm.), int(*rmediate in maturity, ])ooi 
in bearing, annual; leal 19*1 cni.xr)*! cm., light green; flower one in the axil; 
j)edicel shorttu’ tl'.in the fruit ; corolla wdiite ; calyx enclosing the base of the fruit ; 
style w’hite ; fruit long, 8-2 cni.X 1*1 cm., 2 celled, elongated, circular in transverse 
section, wrinkh'd, pendent, unrijic green without any purple colour, becoming 
rod when mature*, apex acute, flesh thin, average weight of a fresh ripe fruit 1-4 
grams. 
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Type 44. Plants medium in height (50*0 cm.), very late, poor in bearing, annual ; 
leaf 11*0 cm.x5*5 cm., green ; flower one in the axil ; pedicel shorter than the fruit ; 
corolla white ; calyx enclosing the base of the fruit ; style white ; fruit long, Ki*3 
cm. X 1*2 cm., 3 celled, elongated, circular in transverse section, wrinkled, pendent, 
unripe green without any purple colour, becoming red when mature, apex acute, 
flesh thin, average weight of a fresh ripe fruit 4*2 grams. 

Type 45. Plants medium in height (GO-0 cm.), intermediate in maturity, very 
prolific, annual ; leaf 10*t) cm. X 4*3 cm., dark green ; flower one in the axil ; pedicel 
shorter than the fruit ; corolla white ; calyx enclosing the base of the fruit ; style 
white ; fruit long, 10-5 cm. X 1 *0 cm., 2 celled, elongated, circular in transverse section 
wrinkled, pendent, unripe light green without any purple colour, becoming red when 
mature, apex acute, flesh thin, average weight of a fr(*sh ripe fruit 4-5 grams. 

Type«4fi. Plants medium in height (52-0 cm.), early, ])rolific, annual ; leaf P2-5 
cm. X 4*8 cm., dark green; flower one in the axil; pedicel shorter than the fruit; 
corolla, white ; calyx enclosing the base of the fruit ; style white ; fruit long, 8*9 
cm. X 1*1 cm., 2 celled, (dongated, circular in transverse secti(m, wninkled, pendent, 
unripe fruit green with moderate purple colour, becoming red when mature, apex 
iicute, flesh thin, averag(‘ W(Ught of a fresh ripe fruit 2*() grams. 

Type 47. Plants medium in luught (GO*,) cm.), intermediate in maturity, 
moderate in bearing, annual; leaf (S-O cm. X 3*5 cm., dark green ; flower one in the 
axil ; pedicel shorter than the fruit; corolla white; calyx enclosing the base of 
the fruit; style white; fruit long, 13*5 cm. X 0*8 cm., 2 celled, elongated, circular 
in transverse section, wrinkled, pendent, unrip(* greim with moderate purple 
colour, becoming red when matur(*, a])ex acute, Ih'sli thin, average* weight of a 
fresh ripe fruit 3*1 grams. 

Type 18. Plants tall (08-0 cm.), late, very prolific, annual ; leaf 11-9 cm. Xfi*l 
cm., dark green ; flower one in the axil ; pedicel short(‘r than the fruit ; corolla w hite ; 
calyx enclosing the base of the fruit ; style* white; Iniit long, 13*0 cm. X 1*0 cm., 
2 celled, elong<ited, circular in transverse section, \\iink]e*el, peiielciit, unripe green 
with moderate ])ur[)le colour, l)ecoiniiig red wheui ia.it ure*, ape'X acute, tlesli thin, 
average we*ight of a fresh ripe* fruit 5*1 grams. 

Type 49. Plants medium in lieighi (57*9 cm.), very late, peior in be*arijig, annual ; 
leaf 9-8 cm.x4*2 cm., light green ; Heaver one in the .ixil ; p(*eliee*l shelter tlian the 
fruit ; corolla while ; calyx enclosing the base* of the fruit ; style* wliite* ; fruit long, 
10*5 cni.X0*8 cm., 2 celled, elongated, circular in traiisve*rse si*etie)ii, wrinkle‘d, 
pendent, unri])e green with much purple colour, becoming rtMl w’lie*n mature, apex 
acute, flesh thin, average weight of a fre'sli rijie fruit 2*1 grams. 

Type 50. Plants medium in height (57*0 cm.), late, mode*rate in bearing, annual ; 
leaf 11*0 cm. X 5*0 cm., green ; ilower one in the axil ; pedicel shorter than the fruit ; 
corolla white ; calyx enclosing the base of the fruit ; style white ; fruit long, 9*0 
om.x0*8 cm., 2 celled, elongated, circular in transverse section, wrinkled, pendent^ 
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unripe green with much purple colour, becoming red when mature, apex acute, 
flesh thin, average weight of a fresh ripe fruit 2*2 grams. 

Type 51. Plants tall (07*0 cm.), early, very prolific, annual ; leaf 11*3 cm. X 5*6 
cm., dark green ; flower one in the axil : pedicel shorter than the fruit ; corolla white ; 
calyx enclosing the base of the fiuit ; style \\hite; fruit long, 8*2 cm.Xl*0 cm., 
2 celled, el()ng«ited, circular in transverse section, vviinkled, pendent, uiuipe light 
green witli much purple colour, becoming i(‘d when mature, apex acute, flesh thin, 
aveiage weight of a fiesh ripe fruit 3-fl giams. 

Type 52. Plants tall ((>()-0 cm.), v cry late, jnolific, annual; leaf 13*5 cm. X6*2 
cm.. d<irk green ; flower one in the axil ; pedicel shorter than the fruit ; corolla white ; 
calvx (Uiclosiiig the base of the liuit ; style white ; Iriiit long, 12*0 cm. X 3*0 cm., 2 
celled, elongated, circular in transveist* section, wrinkled, pendent, unripe light 
green with much purple colour, becoming led when mature, apex acute, |Jesh thin, 
average weight (jf a fi esli ripe fi iiit 3*8 grams. 

This tj’pc and tj^ios 42 to 51, are not desciibed b} Irish. 
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PUBLICATIONS OF THE IMPERIAL DEPARTMENT 
OF AGRICULTURE IN INDIA 


TO BE HAD rEOil 

THE MANAGER, GOVERNMENT OT INDIA CENTRAL PLBLICATION BRANCH, IMBERIAL 
SrCRETARIAT BLILDING, 3, GOMRNMLNT PLACE. VMbT, CALCLTTA.* 

THE OFFICE OF THE AGRICULTCRAL ADVISFR TO TEE GOVERNMENT OF 

INDIA. PLfeA, BIHAR , 

ALL AGENTS FOR SALE OF GOVERNMENT PLBLICATIONS. 

A complete list of the publications of the Imperial Department of Agriculture in India can be ob* 
tained on application from the above-mentioned. 

These publications are ; — 

1. The Agnculiural Journal of India. A Journal dealing with subjects connected with agricultural 

economics, field and garden crops, cconon ic plants and fruits, soils, manures, methods of cultiva- 
tion, irrigation, climatic conditions, insect pests, fungus di&tases, co operative credit, farm imple- 
ments, and other agricultural matters m India. Illustrations, including coloured plates, form a 
prominent feature of tbc Journal. It is edited by the Agricultural Adviser to the Government of 
India, and is issued once every tvo months or six times a year. Aiinaal nubscnplwn, Rs. 6 or 9#. 
6d. including postage. Single copy Re. 1-8 or 2a. 

2. The Journal of the Central Bureau for Ammal Husbandry and Dammq %n India, A quarterly 

dealing with cattle-breeding, daiiying, cultuaticn ord stoiage of fiddcr ciops animal nitnticn, 
and other aspects of animal husbandly. It is edited by the AciicuHural Adviser to the Govern- 
ment of India. Annual subscription, Ks 2-8 0. Single copy As, 10 

3. Scientific Reports of the Agricultural Research Institute, Pusa. 

4. Review of Agricultural Operations m India. 

6. Proceedings of the Board of Agriculture in India. 

6. Proceedings of Sectional Meetings of the Boaid of Agriculture. 

7. Memoirs of the Imperial Department of Agriculture m India. 

(а) Botanical Senes 

(б) Chemical Senes 

(c) Entomological Senes 

(d) Bactenological Senes. 

(a) Veterinary Senes 

8 . Bulletins issued by the Agricultural Research Institute, Pusa, 

9. Books 

The following are the publications of the last two years 

Scientific Reports of the Agmultuial Research Institute, Pusa {including the Reports of the Imjenal 
Dairy Expeit, the Physiological Chemist, Government Sugarcane Ex][ert, and Secretary, Sugar 
Bureau), for the year 1925-20. Price, Ks. 2 8 or 4* Cd. 

Scientific Reports of the Agricultural Research Institute, Pusa (including the Reports of the Imperial 
Dairy Expert, Physiological Chemist, Government Sugarcane Expert, and Secretary, Sugar 
Bureau), for the year 1926 27. Price, Re. 1-14 or 3 ji. 3d. 

Review of Agricultural Operations m India, 1925-26. Price, Rs, 2-6 or 4^. Sf 
Review of Agricultural Operations m India, 192b 27. Price, Rs. 2 or 3s. 6 ( 

Proceedings of the Board of Agriculture in India, held at Pusa on 7th December, 1920, and following 
days (with appendices). Price, Re. 1-14 or 3*. 3d 
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B S-Vol. XVI, No. 2 & 3, 



UEMOIBS OF THE DEPARTMENT OF AGRICULTURE IN INDIA 


^Botanical Series 

Vol. XIV, Nd. II. Stuliea in (lajarat Unttona, Part III. The Wagad Cotton of Upper Gujarat, 
Kathiawad and Kutcli, by Magaslal L. Patbl, M.Ag., and D. P. Mahead, 
Price, K?. 1-4 or 2-?. 

VdJ. XIV, No. III. Sagarcane Brectliiig— Indications of Inheritance, by Rao Sahib T. S. Vf!2i- 
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STUDIES IN INDIAN PULSES. 


1. Lentil (Ervum lens, Linn.) 

BY 

F. J. F. SHAW, D.So., A.K.C.S., F.L.S., 

Officiating Imperial Economic Botanist 

AND 

RAKHAL DAS BOSE, B.Sc., 

Assistdvt to the Imperial Economic Botanists 

(Received for publication on .31st July Ib28.) 

1. Inthodiktion. 

Although the lentil is r(‘eognis(Hl as a valuable* pulse* grown as a winter crop all 
over India, little* atte*ntion has hilherte> l)ee*n paiel to this plant. It is known to be 
the most nutritious of the pulses anel is an iin])ortant item in the diet of some 
people particidarly those* of Easte‘rn Bengal. 

It is not one* of those crops of whi(*h se*y)arate statistical records are kept, and 
lienee it is diflieult to estimate the correct yield and ar(‘a. It is cultivated, however, 
in all parts of India (*ither as a separate or as a mix(‘(l crop, and its economic impor- 
tance justifies a cari'ful study of the plant. 

According to De Candolle’ “ Tin* h*ntil ap])ears to have 

existed in Western temperate Asia, in (Jreece and in Italy, where its 
cultivation was first und(*rtaken in vi‘ry early pr(*-historic time, when it 
was introduce<l into Egypt. Its cultivation appears to havi* been extended 
at a less ri*mote epoch, but still hardly in historic time, both east and west, 

that is into Euroyie and India ” “ Adolyihi Picket (piotes a Persian 

name, ‘ mnngu ’ or ‘ tnargu,' but lie does not say whether it is an ancient nanu* 
(*xisting, for instance, in the Zend A vesta. He admits several Sanskrit names lor 
the lentil, masnra, renaht, mangahja, etc., while Anglo-Indian botanists, Roxburgh 
and Piddington, knew none. As these authors mention an analogous name in 
Hindustani and Jh*ngali, we may suppose that inas.sonr signifies lentil, 

while Manga in I’ersian recalls the other name nnmgubjiL As Roxburgh and 
Piddington give no names in other Indian languag{‘s, it may be supposed that 
the lentil was not ^nown in this country before the invasion of the Sanskrit 
speaking race. As an article of food, it has been known from the most ancient 
times.’’ In India the lentil is eaten as dal, flavoured with various aromatics and 
condiments, also as a component part of the dish called klmhri. The young pod 


^ De Candolle, Origin of CvUivakd Plants^ 19()t, p. .321. 
( ir>9 ) 



m 


STUDIES IN INDIAN PULSES 


is also eaten as a vegetable, and the dry leaves and stalks are greatly prized as 
fodder. In J^]nrope this pulse meal, mixed with barley flour or other cereal and 
common salt, is sold as an invalid food under the name Ervalenta or Revalanta.^ 
The following chemical analysis is given by Leather : — 

Por cent. 


Moisture 

Oil . . . 

Albuminoids . 

Soluble carbohydrates 
Woody fibre . 

Soluble mineral matter 
Sand and silica 
Total nitrogen 
Albuminoid nitrogen 


803 

106 

2300 

6M4 

2*42 

3-64 

0-81 

3-94 

3*68 


Although it is cultivated to some extent outside India, the only references of 
any importance available regarding its cultivation are in the American literature. 
No attempt appears to have been made anywhere to isolate and describe the ele- 
mentary species of which the crop is composed. Fruvvirth^ has attempted to 
separate lentil types according to the seed colour and has given a good descrij)tion 
of the flower and the method of pollination. 

A case of parallel variation in vetches and lentils is described by Vavilov.'^ 
Vetch {Vida saliva Linn.) is often found as a weed in lentils and certain varieties of 
vetch are so similar to lentils in shape, colour and size of seed that they cannot 
))e separated in sorting. These vetches also often flowcu and fruit at the same time 
as lentils and are, in fact, ])erfect “mimics” of the lentils. The whole s(‘ries of varie- 
ties in these two genera show clearly tliat it is difliciilt cv(‘n for an oxjxut to separate 
several varieties of lentils and vetcht‘s by their seeds alone and, mon'over, in the 
colour of their flowers and in many other charaet(Ts lentils show a similar series of 
variations to vetches. Selection in lentil se('d has, therefore, led to llie rejection 
of all vetches except those which were closely similar to the lentil type ; these 
vetches will persist as an impurity in lentils aiul can only bo (diminatecl by raising 
pure line cultures of lentils. 

Lentih—Ervam lens, Linn., Lens esculanla Moench., ('icer lens, VV^illd., masur, 
channangi, mohr, chanching, kerze, adah, misurparpur, misur-pappu, etc. — belongs 
to the natural order Leguminosae, sub-order PapiUonaceae, tribe Vieeac, and is 
a small softly i)ubescent lierb. The genus contains only one species and no refer- 
ences to the varieties and unit types of which this cro]) is compostnl (am be traced. 
The existence of move, than one variety of this species has been recognised by the 
Director of Land Records and Agricultun*, Bengal ' who reported tluj occurrence of 
two varieties of Rrimm lens grown in Da(*ca ; one was the Patna variety, and the 
other was found in Lower Bengal. The plants of the latter v^re said to be bushy 


^ Watt. The Commercial Products of India, 1908, p. 709. 

‘ Indian Foo<l Grains and Fodders. Agri. Ltdg., 1901, No. 10, p. 366. 

‘ Frnwirth. Die Zuchtiing der landwirtschaftlirhen kulturpfianzen 3, 1901, 146-148. 

* Vavilov, N. 1. Th*? law of homologous series in vanation. Jour. Genetics, 12, 1912 47-89, 
^ Watt- The Gommer. Prod, of India, 1908, p. 704. * 
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and to give a l)etter outturn. G. L. C. Howard and Abdur Eahman Khan ^ also 
mention that largo soodod typos of lentil generally belong to the black cotton soil 
areas, whereas in Bihar the eor]<‘S])onding varhdies have very small seeds. 

Our detailed study of this crop shows that the Indian lentil crop, like most other 
fndian Held crops, is not unifoim but consists of many different forms, distinguished 
from one another b}'^ various morphological and physiological characters. 

A collection of mixed bazar samples was made in 1924 from tlu* undermentioned 
localities and isolation of pure types w^as continued in the following years. All 
cultures, as usual, wer(* started from bagged s(‘ed of a single plant, and OG pure 
types were obtained, sortie of which show great agricultui*al promise. 


Table f. 


LocAilify from which oriyitidl mm])lcs of lentils were ohlainal and types isolated from 

them. 


Pmviruv 

f.oculity 

'lypos i^^ol.itod at I’lisa 

l!ii( 111 1 , 

Allanniyo 

T. a?. 


8a}^nin^» 

'r. cak 

l’<*M .0 . . . . 

Biibliuin 

T. .31 and T. 13. 


Buidvvaii 

T. 7. 


.li SSOK' . 

T. fif) and T, MJ. 


Kluilihi 

T. d and 3'. 17. 


■Miii'liid-ilmd . 

3\ 2() and 'L'. 3."*. 


P.il na , 

3’. In and 3’. <>,!. 


najsliahi 

\i/. 

r>ili n md Oj 1 . 

Allah . 

3\ 22. 


DaiiihdiiLM 

Ad. 


Pallia . 

T. IM. 


(Jaysi 

3\ J‘», Li, 3‘.1 and 311. 


Mu^alT.n])nr . 

Ad. 


Sahour . 

3\ 27 and 3\ 23. 


Sepaya , 

3’. 32. 

i 

CnttacV 

T. 44. 


1 Howard, 0. L. and Atxlur Baliman Khan. Stndus in Iiidmn Oil Srt'ds, No. 2. Linsoed. 
Mem. Dept. (»/ A(jri. India, IlA. Ser.. Xll, t, l!)24, p. 183. 
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Table I covld, 

Localitj! from which original samples of lentils were obtained and tjfpes isolated from 

them coiitd. 


Province J^ocality Types isolated at Pusa 


United Provinces of Agra and Oudh . 

Agra 

T. 9. 


Aligarh . 

T. 18. 


Bulandshahr . 

Nil 


Gorakhpur 

T. 11 and T. 23. 


Lucknow 

T. 34 and T. 60. 


Muttra , 

T. 2 and T. 30. 


Muza flainn gar 

T. 36 and T. 52. 


Part.ibgarh , 

T. 16 and T. 48. 

Punjab 

AmbdPa 

T. 28. 


Feroze))ur 

T, 38. 


Gurdaspur 

T. 36 and T. 61. 


Karnal . 

Nil. 


Lahore . 

Nil. 


Lyallpur 

T. 40 and T. 68. 


liohtak . 

T. 06. 

N. W. F. Province 

Peshawar 

T. 63. 

Central Provinces 

Jubbulpur and neigh- 

T. 3, 8, 12, 14, 19, 33, 


bom hood. 

41, 02 and 04. 

Madras 

Madras , 

Nil. 


Coin batoro , 

Nil. 

Bombay . 

Bailliongal 

T. 26 and 61. 


Mirpurkhas . 

Nil. 


Poona . 

T. 4 and 64. 


Sholapur 

T. 6. 


Surat . 

T. 1, 17, 37, 42 and 00. 


Wardha. 

T. 10 and 24. 
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Cultivation^ Watt ^ states that the lentil is cultivated in all parts of India 
especially in Bengal, Madras, Central Provinces and the United Provinces of Agra 
and Oudh. It is sown in all kinds of soils, hut chiefly in low-lying land. In Bengal 
it thrives best on a clay soil, since in light soils the plants witlier away. In rotation 
following paddy, the land receives three or four ploughings and th(‘ seed is sown from 
October to December. Sometimes it is sown mixed with barley. In Assam the 
crop is reported to prefer a light, loamy soil and an open situation, and generally 
follows a broadcasted rice crop, and is sown in mixture with mustard. In the 
United Provinces ^ the cultivation is most extensive in the damper regions and it is 
sown in all kinds of soil, but chiefly in low-lying land. In the Central Provinces 
and Berar it is generally sown on the best black soil. In the Punjab it is a saihba 
or inundation crop, and new alluvial soils or light lands, ]iot good enough for wheat, 
are selected, while in Bombay it is given a mixed black soil of moderate depth. 

Yield, The average yield of this crop is from 8 to 12 maunds per acre and 
although no definite work is recorded on the selection and isolation of pure types. 
Church ^ has stated that the yield of lentil may be increased by the selection 
of seed for sowing, since there* are some varieties of lentil, wdiich produce* seed weigh- 
ing twice as much as the small common sort. 

The following Table shows the approximate yield of seed in 1028, in tolas (1 lb. 
--40 tolas), obtained from 20 plants of each of the 66 types of lentils isolated in 
the Botanical Section. 


Table II. 

Shovnng the approximate might of seed tahen from 20 plards bdaUd at ravdom from 

each type. 


Size* of 
seed 



Size of 
seed 

Typo 

No. 

Woijrllt 
in tolas 

Size of 
seed 

Typo 

No. 

W(‘ight 
in tolas 

Lajgo 

41 

5 

Intermediate 

42 

0 

Small 

39 

20 


30 

7 


60 

7 


[ 60 

22 


10 

11 


37 

8 


0 

27 


13 

12 


04 

9 


67 

28 


0 

13 


12 

10 


00 

29 


17 

14 


1 

10 


65 

1 30 


14 

14 


24 

11 


68 



00 

16 


48 

14 


40 



8 1 

10 


21 

14 


28 



29 

16 


31 

16 





69 

17 


25 

15 





13 

18 


64 

16 





16 

19 


4 

19 





3 

20 


61 

19 





1 Watt. Commercial Products of India, 1910, p. 708. 
-Duthie and Fnlk*r. Field and Garden Crops, Pt. II, p. 13. 
’Church, A. H. Food, 1882. 
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Table II- conti. 

Fihonivg the (ifproj liiiule weighl of seed taken from 20 ‘plants selceted at randoin ftoin 

each ti/pc coiitd. 


Size of f*.yp^‘ \V(‘ij^ht| Sizo of Weight I Size of i yp^' Weight 

No. in tolas I ai oil No. hi tolas I hoed No. in tolas 



hVoiii tin* al)ov(‘ T<il)l(*, it is uppan'nt that Ihon* is diversity in (lie relative 
yielding capacity of the dih'erent types in all th(‘ larj^i*, intiaiiKHliati* and tlie sinall- 
seedeil varieties, and that from an (“conomic [luint of vi(‘vv it will lx* advantag(*ous to 
conduct varietal trials for yiidd with types ‘J, 10 and 10 of the large seeded variety, 
types 11, 27 and M of the intermediate and types 28 and 40 of tlie small-seeded 
variety. 

All the typ(‘S which havt^ originated from samples ohtaimxl from Ihirma and 
Bengal have white flowers and have small or inlermedi e-siz(‘d stxxl. Two types 
from Bailhongal and one from Juhhulpur also have white fiow^m's and intermediate- 
sized seed. None of the large or bold seeded varieties liav(‘ pure white flowers 
and the majority of these types have come from Peninsular India. Almost all 
tin* heavy yiehiing varieties, wlndher small, intermediate or bold si'cded, have 
coloured flowers. 

11. Genkrai. Biolgoy. 

/. Hoot tiy stent. 

The wide range in the soil and agricultural conditions in the localities from wdiicli 
the various mixed samjiles wen* drawn suggested that a study of the root systems 














V. J. y\ SHAW AND KAKHAL DAS BOSE 


105 


of some tyj es might prove useful. It was interesting to iiiid that tlu' results of 
such a study connrmed the observations of workers on some other crops such 
as Linseed and Khrsari (Lathijrus satira, L.)- Three types of rool s} stems W(‘re 
recognised : 

(1) Almost all the types which originated from samples obtaiiu^d from the 

)>)ack cotton soil areas had a deep root system. Such r(jot systems 
are often characteristic of crops growing in tracts where tin* soil sur- 
face cracks and rapidly dries and where th(‘ (Top is de])endcnt mainly 
on the moisture of the lower layers. 

(2) Types obtained from the alluvium si. owed a well l>ianched shallow root 

system and abundant healthy root nodules. 

(3) Types seleded from the ihinjab and N. W. ¥. Province g(*nerally showed 

an iubTmediate condition. 

The deep routed systems seem to be associated with bold seed and a somewhat 
sparse branching which results in a low yield, while types with shallow root sysLmis 
generally have intermediate or small seed, a profuse branching and conserjuently 
a comparatively high yield. These facts agree closely witli similar observations on 
]inse(}(l and kliesari ^ and iurnish additional evidence of tlie importan(*e of the root 
system in selecting unit species of a crop to suit different vsoil conditions. 

In lb2() tlie lentil crop was very badly alh'cted by Aphids at Tusa, and a close 
examination showed that the infection varied with the typ(‘ ot the root syst<un the 
deep root(‘(l varieties coming irom Peninsular India being atl*ect(‘(l tlu^ most and tin* 
alluvial types tin* h'ast.’ The sanu* jdjenomemm has bciui recorded in tin* case of 
Iheaari and illustrates how a jdiysiological ihTang(‘ment occasioned by a root s}st(‘m 
not being adapted to tlic soil conditions may cause an iucr(‘as(‘d siisc(*ptibilit v to 
posts and (lis^‘as(‘^. In tin* case ol tin* attack ol ajdiids on lentils, the pest was 
def(‘ated ])y iel(‘asing on tin* lentil j)lants a number ol lady bird bcctlt‘s wlii«b are 
the jjatural (Miemh's oi afdikls.-' 


2. Flowerlmj, 

Tin* flowers are borne singly or in 1, 2, 3, or raicly 1 tlowi'rt'd racenu*s on short 
peduncles, which are about as long as the leaves and extend soim* distance Ix'yond 
the How (US. Th(* lovv(*riiiost buds up(*u lirst and it takes nearly a Jort night for the 
complete opening of all tlie Howers on a single luancli. 

A study ol the time (jf opening ot flowers in lentils showed tliat this phenomenon 
depended chiefly on the tem[)erature and humidity and is more or less tin* sane* in 
all the types. A number of buds which were likely to open on tin* lU'xt day, w«‘re 
labelled in the ex cuing and observations were made at ivgnlar int(‘rvals on tin* m‘xt 
and the following mornings until dusk. In the majority of cas(*s it was buind that 
on a clear day the flowers begin to open at about 8 a.m., but mostly b(‘twu‘(‘n P a.m. 

^ Howard, A. (Jrop Erodin tioii in India, 1924, i>. 01. 

* Dutt. G. li. Aphids and Lady-bird BeetlcH, Agri. Jour, of ludm^ XXIJ, 1927, 291-292. 
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and 10 A.M., and at times continue to do so till 12 noon. They remain open the whole 
of that night and the next day and some of them begin to close at or about 4 to 
5 P.M., while others struggle on till the next morning. On the third day, however, 
all of them close completely and the corolla begins to fade. The pod makes its 
appearance 3 or 4 days later. On a cloudy day, however, the flowers do not open 
till midday and continue to do so till the evening (5 i\m.) remaining open the whole 
of the next day and beginning to close on the third day. Flowering begins from 
the lowest flower and proceeds up the stem. 

3. Pollination, 

The following description of the method of fertilization in lentil is given by 
Knuth 1 : — 

“ The bluish-white flowers of the species are marked with blue lines on the vexil- 
lum (nectar guides), and a small patch on the tip of the carina (pollen guide), Kirch- 
ner (‘ Flora v. Stuttgart,’ p. 508) states that the vexillum, which l)ut slightly en- 
sheaths the other parts of the flower, comes into close contact with the ala* by means 
of two forwardly directed folds of a projecting ridge. The styh* bears projecting 
hairs only on its inner side. Otherwise the mechanism agrees with that of Vicia 
Ervilia. Kerner says that the flow(*rs are fertile when insect visits are prevented. 

Visitors. Herm. Muller saw the honey bee (8kg.) and a butterfly (Cmnonympha 
pamphilus). ' Weit. Beob.’ If, p. 2f)8.” 

Our observations here (*onfirm this description and we^ have found that the 
anthers burst in the bud some time before the opening of the flower. An examina- 
tion in the evening of 50 young buds which were* likely to open the next morning 
showed this condition in the majority of cases. The dilferent stag(‘s in tlie develoj)- 
ment of the bud are shown in Plate I. 

Bees, small butterflies and numerous ants visit the flowers throughout the day. 
Seed is set freely under bags and no serious effects, (‘xcepting a slight elongation of 
the nodes and foliage in general, has been oliserved in ])lants nnd(‘r bags. 

4. Cross-fertilization, 

Self-fertilization seems to be tlie general rule with this crop and we have not yet 
come across any case of natural cioss-fertilization. The fact that bees and other 
insects visit the lentil crop in a])undance suggests the possibility that cross-fertiliza- 
tion may take place. 


5. Hybridization, 

Notwithstanding the fact that the flowers of lentils are very small no special 
trouble is met with in hybridizing different types. A number of crosses have been 
made to study the genetic relation of different combinations, such as bold / small 


‘ Knuth. Handbook of Flower Folliuation, Vol. IJ, p. 329. 
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seed, white X coloured flowers, self coloured X mottled seeds, etc., the results of 
which will be published later. Humidity, however, appears to be a limiting factor 
in the success of crossing, as hardly any setting takes place when the hybridized 
flowers arc covered with ordinary manilla paper bags, while no difficulty is experi- 
enced when they arc covered with small muslin bags which provide suflicient aeration. 

Ill, Classification and Description of the Types. 

Sixty-six unit species of lentil have boon isolated from the original mixed seed 
samples. The chief morphological characters in which these typos differ are : — 
(1) Size, colour and markings of the seed ; (2) colour of the flower ; (3) time of flower- 
ing as measured by the opening of the first flower ; (4) habit ; (5) colour of the leaf ; 
and (6) colour of the stem. 

Prain ^ describes this genus as follows - 

“ 218, LENS, Gren. & Godr. Annual herbs, erect or subsea ndant ; leaves 
usually even-pinnate, the racliis ending in a tendril or a simple point occasionally 
with a terminal leaflet ; stipules seniisagittat(% stipels O. Flowers axillary, pcduneled, 
solitary, or in few-flowered racemes ; bracts and bracteoles usually 0. Sepals 
connate in an oblique tube, lobes 5, elongate, subequal. Petals cxsertccl, standard 
broad, narrowed to a very short, wide claw ; wings oblong, oblique, adnate in their 
middle to the shorter keel. Stamens 10, the vexillary one free, the others connate 
in an oblique sheath ; anthers uniform. Ovarj/ subsessile, 2-ovuled ; style inflexed, 
bearded longitudinally on the inner face ; stigma terminal. F tail a compressed 1-2 
seeded pod, continuous within. Seeds compressed lenticular; hilum ovate or 
oblong.’’ 

This description fits generally all the unit species described in this paper, but for 
the separation of the types, we must consider the characters in greater detail. 

Habit. The general habit depends on three things the height, the mode of 
branching and the foliage. The height of the various unit species seems to be 
influenced by the environment and as it does not vary much in the different types 
it has not ])een taken as a differentiating character. The basal l)ranches may be 
crowded giving an erect, more or less com])act ap 2 )earaiice (Fig. 2 -T) ; they may be 
semi-erect anci somewhat open (Fig. 2-11) ; spreading and very much open (Fig. 
2-II1) ; or more or less trailing on the ground (Fig. 2-IV). 

The nature of the branching is useful as a minor distinguishing character. The 
branching may be profuse or sparse. The size and form of the leaflets also influence 
the habit of the plant. 

Maturitff. The types show very great differences in tin* hnigth of their growijig 
period as well as in the time at which they start flowering. Iti 1927-28 the earliest 
type began to flower on the 4th December 1927 and the latest on the 18th February 
1928 showing a very wide range indeed. The crop was sown on the 25th October 


1 Praia, D. Bengal BlanU, Vol. I, 1903, p. 367, 
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1927. Types which started flowering from the 8th to the 10th week after sowing 
have been classified as very early ; those which started from the 11th to the 13th 
week were considered to be early ; those between the 14th and the 16th week were 
counted as medium in maturity ; those between the 17th and 18th week were taken 
to be late, while those which flowered later than this were classified as very late 
(Table III). 


TMiLE III. 


Mnhiriif/ of flijfrrcnt tf/pes as measured by the date of the first jiower. 


Very eai ly 

Early 

Medium in 
maturity 

Late 

Very late 

Sth to KMh 
work aft(T 
sowing 

IJth (n I3ih 
week at tor 
sowing 

14t}i to 16tli 
week after 
ho^^ing 

17th to I Sth 
week afttT 
.sowing 

19th week or 
later after 
sowing 

Types 

Types 

Types 

'rype.s 

Typos 

2, 4, 5, 7, 8, 10, 13. 
16, 17, 26, 29, 30, 
31,37.3'), 41, 43, 
44, 46, 48, 64, 56, 
66, 61, 64, 06. 

1, 3, 6, 9, 11, 12, 
14, 16, 18, 19, 20, 
21, 22, 24, 20, 27. 
32, 33, 42, 46, 47, 
49, 60, 67, 68, 69, 
60, 62, 63. 

23, 2S, 31, .35, 3S, 
51. 

.30, 52, 05 

U), 53 


Stem. The stem is usually much braiadied from th<‘ base, and is generally 
furrowed, angular, and hairy. It may be jairely green or may have splashes of red 
colour at the base in addition. 


Leaves. The types differ consideraldy both in the total length of the leaf, in 
the size and nimib(‘r of leaflets as well as in the tone of the colour of the foliage. The 
total length of the l(‘af has Ijcen used for describing the leaves as vsmall (1*5 cm. to 
2T cm.), medium (2 1 to 2*7 cm.), .and large (2*7 cm. to 3*8 cm.). The average 
number of leal I els per l(‘af is also mentioned in the description of tlie types, and 
whenever the leaf has terminated in a small tendril a note to tliat effect has been 
made. In all otluT cases a tendril, which is nearly as long as th(' leaf is present. 
Th(‘ leaflets ar(‘ beset with fine hairs but there are no glandulaj’ knobbed hairs as 
arc pieseiit in the case of gram. The foliage colour in the various types has been 
classified as yellowish green (T. 2) ; light yellowish green (T. 4) ; green (T. 44) ; 
dull green (4\ 17) ; dark gr<*en (T. 7) ; and dark bluish green (T. 6). The shades of 
different colours observed in mass are shown in Plate IT. These small coloured 
differences are best studied when the types are massed together and examined in 
the eaily morning or laU* evening liL'ht with the rays of the sun slanting and the 
suu ])ehind the observer. At times a clear difference has also been observed at or 
about midday with the sun directly overhead. 
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Flowers. There is a very slight difference in the size of the flowers. The width 
of the standard ranges from O i cm. to 0*5 cm. only, and hence this character has 
not been used for distinguishing types. The colour of the flower is a more important 
item and is described as : — 

(1) white — when they are almost white with sometimes a suggestion of a 

slight trace of pink. 

(2) v'hite with lilac colour on the veins of the standard only, and a small blue 

patch on the ti[) of the carina. 

(3) pinh. 

(4) violet with a pinkish tinge. 

(5) violet with a light pinkish tinge. 

(C) violet. 

{a) grade 1. 

(b) grade 2 (lighter than grade 1). 

The important colour differences in tlie flower of h'util are. shown in Tlafe III. 

Kirchner ^ suggests that the blue lines on the vc'xillum (like those presefit in 
hdower class 2 above) arc suggestive of nectar guides, and a small blue patch on the 
tip of the carina is prolialdy the pollen guide. 

The occurnmee of I, 2, ‘1, or rarely 1 flowers per ptMlunch^ was at first thought 
to furnish an important distinguishing charact(‘r. But tin' variation fiom plant to 
plant in the sann* pure' liin' eiiltun* was found to be .so very great that thi^ cliaraet(*r 
was rcject(‘(l in the <-l‘issifient/ion. In different plants of the sann' pure line peduncles 
witli I, 2, or 3 flowers may be present in varying proportions (Table IV Ix'iow'), 
and although indications can geiK'ially be obtained which show wlnfllnu* tin' majority 
of pediinchs in a particular type are 1, 2 or 3 flowered no deiinite and reliable con- 
clusions can be baced on this character. 

Table IV. 


Statement showing the nundx r per jilant of /, 2 or 2 Jloieeis on a pedunele nt some lentil 

types. 




Nil 

Nil 

Nil 

Very 

few 

Very 

few 

Very 

tew 

Few 

Few 

Few 

Many 

I Many 


Type 

SJ 

.m3 

Few 

Many 

Many 

Many 

Many 

Many 

Nil 

Many 

Many 

Many 

Few 

Total 

number 

of 

planta 


. Oi 

O Ol M 

Many 

Few 

Nil 

Nil 

Very 

few 

Few 

Many 

Nil 
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Pods, These are rhomboid-oblong, smooth, compressed and tipped with the 
base of the style. They are described as bold, medium or small, according to their 
size, but these differences are not very appreciable and the character of the pod has 
not been used for distinguishing the types from one another. 

Reed, This has furnished the most important character in the classification of 
the different typos. 

(1) Rize. Three grades in the size of the seed have been distinguished and have 
been termed large, intermediate and small. 

(2) Ground colour. This may be : — 

(a) Prussian red (T. 1). 

(h) Salmon buff (T. 2). 

(c) Vinaceous buff (T. 3, 4, and 5). 

(d) Vinaceous pink (T. 6). 

(e) Buff pink (T. 7). 

(/) Pale pinkish buff (All other types). 

These colours are not very clear to the naked eye but can be made out when th(‘ 
seed is examined under the binocular. The higher the power of the lens, however, 
the lighter the tint appears, and hence all descriptions in the following pages arc 
based u})on the examination of the material with Zeiss Paired Eyepiece 4, and 
01)jectivc 3, Magnification X 12, and when any comparison is to be made this magni- 
fication should l)e used. Kidgway’s^ colour book has been iis(‘d for determining 
the various grades of ground colour. 

(3) Markings. With the exception of a very few self coloured seed types, the 
majority have markings covering the whole of the ground colour, which therefore 
in some cases looks almost black to the naked eye, l)ut examination with a lens 
shov^s clearly that the apparently uniform black colour is really due to the crowding., 
together o*’ a large number of dots or patches which for the sake of conveniencf 
have been distinguished into two kinds : 

(u) Cloudy mottling which has more or less a continuous pattern made up 
of small dots, \iolct to ivory black in colour, ])etween which minute 
areas of the ground (olour can be seen with the aid ol the lens. Three 
grades have been recognised— Grade 1 when the mottling is sparse ; 
Grade 2, medium, when mottling is present uniformly, and Grade 3 
when mottling is h('avy. 

{b) Sky-grey specklings which take the form of discontinuous spots much 
larg(T in size and unevenly distributed. Three grades of this too have 
been identified,- Grade 1 when the speckling is occasionally present 
and is rather s])arse ; Grade 2 when the speckling is uniformly distri- 
buted and Grade 3 when the speckling is heavy. 

Both cloudy mottling and sky-grey speckling occur simultaneously in all 
but a few ty])cs, and at times are intensified to^such a degree that the 
entire seeds are coloured black or violet. 

1 Jlidgway, R, Colour Standards and Colour Noincnclature, Washington. 
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(c) THie hilum may be pale yellow without any markings or may bo speckled 
at the micropylar end. At times this mark is very prominent (T. 11). 

The ground colour and the markings described above are invariably always 
localised in the testa and do not extend to the cotyledons which generally have the 
usual characteristic pinkish yellow colour. 

The seed colour in lentil does not show any correlation with the flower colour 
such as has been ol)servcd in Pi sum and jAtthu)us sativus. Thus in the peas the 
colourless testa is invariably associated with white flowers (with tlie exception of 
a few light-green seeded varieties)/ while in Khesari ^ (Laihjms) all the types with 
coloured flow(*rs possess seed with mottling or marking on the seed coat. 
Plate IV shows the important colour patterns present on the seed of lentils. 
The seed is always compressed, smooth and l(‘nticular, and wlnm fully developed 
has nothing like the wrinkled forms found in peas and gram. 

The amount of mottling or speckling and even the depth of the general colour 
vary with the age of the seed diicl indeed mottling and speckling are not fully deve- 
loped until the seed is mature. S(‘cd examination must tln^relore be done in mass 
and full weight must be given to possible dilhu'ences in maturity. This probably 
explains the divergent results obtained Ijy Pruwirth ^ in th(' experiments in which 
lie attempted to separate tj^pes according to seed colour. 

Our thankskxre due to Mr. Sawan Mai Sikka, B.8c. (Agr.), one of the post-graduate 
students m the Botanical Section, Pusa, for valuable help in this work, especially in 
colour determination of foliage, flowers and s(H‘d and their clas*}itication. 

2. Key to the Types of Emm lens, Ijinn. 


]. Seeds I’nissiafi Ked. 

(A) Seeds not mottled. 

a. Speckling occasional (grade 1), 

1. Hilum pale ycUow. 

(i) Seeds intermediate in size. 

(1) Flowers pink Typo 1. 

IJ. Seeds Salmon BiilT. 

(A) Seeils not mottled. 

a. Speckling occasional (grade 1). 

CV 1. Hilum speckled at the micropylar end, 

(i) Scefls large. 

(1) Flowers while with lilac colour on the veins only . Typo 2. 


^ Wellensick, S. J. Cenetic Monogiuph on Pisum — BibUogmpkin (krutiruy 11, 1025, 013-473. 

- Howard, G. L. C., and Abdul Kalimau Khan. The Indi.m '1 ypc'^ of / a'hnrus a, Mem. Vept. 
of Agri. IridiUy Bot. Ser.y XV, 1028, No. 2. 

“ Fruwi'-th. Die. Zuchtung der Landwirlhschtjtlichtn Kultur (pj kinzen,) 3. 1910. 


B 
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III, Seeds Vinaoeous Buff. 

(A) Seeds not mottled. 

a. Speckling occasional (grade 1). 

1. Hilum speckled at the micropylar end. 

(i) Seeds large. 

(1) Flowers white with lilac colour on the veins only 
(ii) Seeds intermediate in size. 

(1) Flowers white with lilac colour on the vjins only 

(B) Mottling sparse (grade 1). 

a. Speckling occasional (grade 1). 

1. Ililum speckled at the micropylar end. 

(i) Seeds large. 

(1) Flowers white with lilac colour on the veins only 

IV. Seeds Vinaccous pink. 

(A) Mottling sparse (grade 1). 
u. Speckling rare. 

1. Hilum pale yellow. 

(i) Seeds intermediate in size. 

(1) llowersuhito ...... 

W Seeds Buff junk. 

(A) Mottling heavy (grade 3). 

a. Speckling sparse (grade 1). 

1. Hilum pale yellow. 

(i) Seeds intermedia to in size. 

(1) Flowers white. ..... 

V I. Seeds Pale pinkish Buff. 

(A) Mottling heavy (grade 3). 

d. Speckling sparse (grade 1). 

1. Hilum pale yellow. 

(i) Seeds large. 

(1) KJow'ory violet with a pinkish tinge 

(2) l^lowxTS violet, grade 1 . , . . 

(3) l^lowers violet, grade 2 . . . . 

(li) Seeds iutt'rmodiate in size. 

( 1 ) Flowers violet with a pinkish tinge . 

(2) Flowers violet, grade 2 . . . . 

2. Hilum speckled at the micropylar end. 

(i) Seeds large. 

(1) Flowers with a pinkish tinge. 

{(i) Plants very early .... 

(/>) Plants early 

i. Semi-erect 

ii. Spreading , , • . 


. Type 3. 
. Type 4 

. Typo 6. 


. Typo 0. 


'fypo 7. 


. Type H. 

. Typo 0. 

. Typo 10. 

. Typo a. 

. Typo 12. 

. Type 13. 

. Typo 14. 
. Type. 15. 
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(2) Flowers violet, grade 1. 

(a) Plants very early. 

i. Spreading. 

(a) Leaves yellowish green . . . Typo 10. 

( 3) Leaves dull-greeii .... Typo 17. 

(b) Plants early. 

i. Scmi-crect ...... Typo 18. 

ii. Spivading Typo 19. 

(3) Flowers violet, grade 2. 

(a) Plants early Typo 20. 

(ii) Seeds intermediate in size. 

(1) Flowers violet with a pinkish tinge. 

(a) Plants early, 
i. Spreading. 

(a) Leaves deep j’^cUowish-grcca . . Type 21. 

( p) Leaves green .... Type 22. 

(2) Flowers violet, grade 1 ..... . Typo 23. 

(3) Flowers violet, grade 2 Type 24. 

bj Spockhng medium (grade 2) 

1. Hilum pale yellow. 

(i) Seeds intermediate in size. 


(1) Flowers white 


(a) Plants very early, lea\es liglit-greeir . 

. Typo 25 

(b) Plants early, h'av<‘S dark-grecur . 

, Type 2() 

(2) Flowers violet, grade 1 .... . 

. Ty]>c 27 

(ii) Seed small. 

(1) Flowers violet with a pinkish lingo . 

. Type 28. 

Hilum speckled at the microirylar end. 

(i) Seeds largo. 

(1) Flowers violet with a pinkish tinge 

. Type 29. 

(2) Flowers violet, grade 1 . 

'J\p(' 30. 

(ii) Seeds intermediate in size. 

(1) Flowers white . ...... 

, Type 31. 

(2) Flowens violet with a pinkish tinge*. 

(a) Plants early. 

i. Semi-ereet . , . . , 

. TyiH) a2. 

ii. Spreading . . . . . 

. Type aa. 

(3) Flowers violet, grad^l. 

(a) Plants medium in maturity. 

i. Spreading . . . . . 

. Ty pc 34. 

ii. Trailing 

. 'I’yjio 35. 

(b) Plants late 

. Typo 36. 

(4) Flowers violet, grade 2. 

(a) Plants very early . . . . 

I’ypo 37. 

(b) Plants in«dium lU matiirivy 

. Type 38. 

b2 



174 


STUDIES IN INDIAN PULSES 


(iii) Seeds small. 

(1) Flowers violet with a pinkish tinge. 

(a) Plants very early ...... Type 39. 

(2) Flowers violet, grade 1. 

(a) Plants very late Type 40. 

c. Speckling heavy (grade 3). 

1. Hilum speckled at the micro j)ylar end. 

(i) Seeds large. 

(1) Flowers violet with a pinkish tinge .... Typo 41. 

(ii) Seeds intermediate in size. 

(1) Flowers violet, grade 2 Type 42. 

(B) Mottling medium (grade 2). 

a. Speckling sparse (grade 1). 

1. Hilum pale yellow. 

(i) Seeds intermediate in size. 

( 1 ) Flowers white. 

(a) Plants very early, 
i. Semi-erect. 


(a) Leaves dull gieen .... Type 43. 

( p) Leaves green .... Type 44. 

(y) Leaves Hark -green . . . I'ype 45. 

(h) Plants early. 

i. Spreading Type 4(1. 

ii. Trailmg Type 47. 

(2) Flowers violet with a pinkish tinge. 

(а) Jdants very early. . . ... Type 48. 

(б) Plants eaily. 

i. Semi-erect. 


(a) Leaves yellowish green . . . Type 49. 

( p) Jwea^ es Hull-green .... Type 50. 

(3) Flowers violet, grade 1. 

(rt) Plants medium in maturity .... Type 51. 
{b) Plants late ....... Type 62, 

(4) Flowers violet, grade 2. 

(o) Plants very early, 
i. Semi-erect. 

(a) Leaves yellowish green . . . Type 63. 

(p) Leaves light-green . . . Type 64 

(ii) Seeds small. 

(1) Flow^ers white, 

(a) Plants very early. 

i. Semi-crect Type 55. 

ii. Spreading ...... Type 66. 

(i») Plants early ....... Type 67. 

(2) Flowers violet with a pinkish tinge Type 68. 
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2. Hilum speckled at the micropylar end. 

(i) Seeds large. 

(1) Flowers violet, grade 1 

(2) Flowers violet, grade 2 

(ii) Seeds iiiterraediato in size. 

(1) Flowers white. 

(а) Plants very early 

(б) Plants early. 

i. Spreading 

ii. Trailing . 

(2) Flowers violet, grade 1. 

{n) Plants very early 
{b) Plants late 

(hi) Seeds small 

(1) Flowers white 


III. Description of Lentil Types. 


. Typo 69. 
, Type 60. 


. Type 61. 

. Type 02 
. Type 63. 

. Type 61. 
. Type 65. 


Type 66, 


Type 1. 

Habit. — Early, scmi-crect, somewhat open, profuse branching. 

Stem. — Green, angular and hairy. 

Leaves. — Large (3*1 and 1*4 X 0*4) green ; C pairs of leaflets. 

Flowers. — Pink. 

Pod.— Bold (1-5 X 0-5). 

Seed'. — Intermediate, prussian red, no mottling, occasional speckling, pale yellow 
hilum. 

Type 2. 

Habit ~ Very early, spreading very much open, profuse branching. 

Stem. — Green, angular and hairy. 

Leaves. — Medium (2-5 and 1 •5x0*4) yellowish green, G pairs of leaflets. 

Flowers. — White with lilac colour on the veins only. 

Pod.— Bold (1*5 X 0*6). 

Seed. — Large, salmon buff, no mottling, occasional sky-grey speckling, grade 1 , 
but always with a speckh^ at tlie micropylar end of the hilum. 

Type 3. 

Habit.— Early, semi-erect, somewhat open, profuse branching. 

Stem . — Green, angular and hairy. 

Leaves.— Meduim (2-2 and 1-2 x 0-4) yellowish green, 7 pairs of leaflets. 

Flowers. — White with lilac colour on the veins only. 

Pod. — Medium (r4x0-(>). 

Seed. — Large, vinaceous buff, no mottling, occasional sky-grey speckling grade 
1, but always with a spocklo at the mirropylar end of tin* hilum. 

— All measurements .ire in cm. In the desiriplioii ot llu' the lirst number mentioned 
is the length of the leaf, the .^eiond iiumlH-r is Uie kmirth of Hm- leill' t and the fliiid number (he 
breadth of the leaflet. Similarly, in the description <»1 pod Dio numbers refer to the length and 
breadth of the green pod. 
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Type 4. 

Habit - ~Yevy early, spreading, very nnich open, profuse branching. 

Stem, — Green, angular and hairy. 

Leaves, — Medium (2*3 and 1 •2x0*4), light yellowish green, 5 pairs of leaflets. 
Flowers, — White with lilac colour on the veins only. 

Pods, — ^Medium (1*3 x 0*5). 

Seed, — Intermediate, vinaceous buff, no mottling, occasional speckling grade 
1, but always with a speckle at the mieropylar em\ of ilie hilum. 

Type 5. 

Habit,— -Yoiy earlv, spreading, very much open, profuse branching. 

Ste^n, — Green, angular and hairy. 

Leaves, — Large (2*7 and 1 *5x0*4) yellowish green ; G pairs of leaflets. 

Flowers,- White with lilac colour on the veins only. 

PorZ.— Bold (1*6 X 0-7). 

Seed. — Large, vinaceous buff, sparse cloudy mottling, grade, 1, occasional sky- 
grey speckling grade 1 , luit always with a speckle at the mieropylar end of the hilum. 

Type 6. * 

//(/foiV.— Early, spreading, very much open, ])rofuse branching. 

Stem, — Green, angular and hairy. 

-Medium (2*2 and 1*1 x 0*4), dark-lduish-green ; G pairs of leaflets. 

Flowers 

Pod—Small (1*1 X 0*5). 

iSm/.- Small, vinaceous ])ink, sparst* cloudy mottling, grade 1, no speckling, 
pale yellow hilum. 

Type 7. 

Habit, - Very early, semi-erect, somewhat open, scanty branching. 

Stem, — Green, angular and hairy. 

Leaves. — Small (2*1 and 1*1 x 0*4), dark green ; G pairs of leaflets ; tendrils small. 
Flowers, — A\ hite. 

Porf.— Small (1*2 X 0*5). 

Seed, — Intermediate, buff pink, heavy cloudy mottling, grade 3, occasional sky- 
grey speckling grade 1, pale yellow liilum. 

Type 8. 

Habit,— Yery early, semi-erect; somewhat open, with scanty branching. 

Stem, — Green with red colour at the base, angular and hairy. 

Leaves, — Large (2*8 . t.d 1*6 X 0*4) yellowish green ; 5 pans of leaflets. 

Flowers, — ^Violet wi1h a pinkish tinge. 

Porf.- Bold (1-5 X 0*7). ‘ 

Seed.— Ijarge, pale pinkish buff ; heavy cloudy mottling, grade 3, and sparse 
sky-grey speckling grade 1 ; hilum pale yellow. 
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Type 9. 

H ((bit,- —Esivly, spreading, very much open, profuse branching. 

Stem, — Green with red colour at the base, angular and hairy. 

Leaves, —Mdiimm (2-3 and 1*5 x 0*5) yellowish green, 7 ])airs of leaflets. 

Flowers, — Violet grade 1. 

Pod.— Bold (l*5x0-7). 

/Seed. —Large, pale pinkish buff, heavy cloudy mottling, grade 3, sparse sky- 
grey speckling grade 1, pale yellow hilum. 

Type 10. 

Habit, — ^Very early, semi-erect, somewhat open, profuse branching. 

Stem, — Green, angular and hairy. 

Zream.— Medium (2'4 and rixO‘5) light yellowisli-groeu ; 0 pairs of leaflets; 
tendrils small. 

Flowers, — Violet grade 2. 

Pod.— Bold (1*5 X 0-7.) 

Seed, —Large, pale pinkish buff, heavy cloudy mottling, grade 3, sparse sky-grey 
speckling grade 1, pale yellow hilum. 

Type 11. 

Habit, Early, spreading, very much open, profuse branching. 

Stem, —Green with red colour at the base, angular and hairy. 

Learns, — Small {1*7 and VI x 0*1) yellowish -green with red tinge at the margin 
of tlie leaflets and on tlie sti])ules ; G pairs of leaflets. 

Flowers, — Violet with a pinkish tinge. 

Pod,— Medium (V3x0*G). 

Seed, —Intermediate, pale pinkish buff, heavy cloudy mottling, grade 3, sparse 
sky-grey speckling grade 1, pale yellow hilum. 

Type 12. 

Habit. Early, semi-erect, somewhat open, profuse brancHing. 

Stem. — Green, red colour at the base, angular and hairy. 

Leaves, — Small (2*0 and V3x0'l), yellowish-green with reddish tinge on the 
margin of the leaflets and on the stipules ; 5 pairs of leaflets. 

Flowers, — Violet grade 2. 

Pod.— Medium (V3x0-7). 

/Seed.— Intermediate, pale pinkish buff, heavy cloudy mottling, grade 3, sparse 
sky-grey speckling grade 1, pale yellow liilum. 

Type 13. 

Habit, — Very early, spreading, very much open, profuse brandling. 

St>em. — Green, angular and hairy. 

Leaves.— Medium (2*2 and V3x0*5), yellowish-green ; 6 pairs of leaflets. 

Flowers, — Violet with a pinkish tinge. 

Pod.— Medium (V3x0*6). 

Seed.— Large, pale pinkish buff, heavy cloudy mottling, grade 3, sparse sky-grey 
speckling grade 1, with a speckle at the micropylar end of the hilum. 
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Type 14. 

HahiL — Early, senii-erort, somewhat open, profuse branching. 

— Green, angular and hairy. 

Medium (2*5 and 1 'lx 0*4), yellowish green ; 6 pairs of leaflets. 
Flowers — Violet with a pinkish tinge. 

Pod, — Medium (1-4 x 0-7). 

Seed, — Large, pale pinkish buff, heavy cloudy mottling grade sparse sky-grey 
speckling grade 1, willi a speckle at the micropylar end of the liilum. 

Type 15. 

II obit - Early, s])rea(ling, very much open, profuse braufliing. 

Grf'cn with red colour at the base, angular and haiiy. 

Leaves,- -Medium (2*4 and 1 *5x0*5), yellowish-green ; 0 ^lairs of leaflets. 
Flowers, — Violet with a pinkish tinge. 

Pod, — Medium (1 *2x0*5). 

Seed, — Large, pale pinkish l)uff, heavy cloudy mottling, grade 2, sparse sky-grey 
speckling grade 1, with a speckle at the micropylar end of the hilum. 

Type 16. 

Habit, — Very early, spreading, very much open, profuse branching. 

S7c?a.— Green with red colour at the base, angular and hairy. 

Liaet N.— Luge (2*8 and 1*5 0*5). yellowish-gre(‘n, slight red t;ing(‘ at the margin 
of the leaflets ; 5 ])airs of leafleds. 

Flowers , — Violet, grade 1. 

Pod , — Medium (1 *4x0*6). 

Seed, Large, pale pinkish buff, heavy cloudy mottling, grade 3, sparse sky grey 
speckling, grade 1 with a prominent speckle at the micropylar end of the hilum. 

Type 17. 

Habit, - Very early, spreading, very much open, profuse branching. 

Stem.- Green, angular and hairy. 

Leaves . — Medium (2*4 and 1 *1x0-4), dull green . 5 pairs of leaflets. 

Flowers . — Violet, grade 1. 

7W.— Bold (1*5 X 0*6). 

Seed. Large, pale pinkish luilT, heavy cloudy mottling, grade 2, sparse sky grey 
speckling, grade 1, with a prominent speckle at the micropylar end of the hilum. 

Type 18. 

Habit. Early, semi-erect, somewhat open, ]uofuse branching. 

Stem. -Green with red colour at the base, angular and hairy. 

Leaves, — Small (1*9 and 1*2x0* I), deep yellowish green; f) pairs of leaflets. 
I'lowers, — Violet grade} 1. 
iW.— Small (1*0X0*6). 

Seed. — Large, pale pinkish buff, heavy cloudy mottling, grade 3, sparse sky- 
grey speckling grade 1, with a speckle at the micropylar end of the hilum. 
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Type 19. 

Habit. — Early, spreading, very much open, profuse ])rancliing. 

Stem. — Green, angular and hairy. 

Leaves. — Medium (2*6 and 1*3 x 0*4), light yelloNsihli gr(M'n ; G ]nurs of leaflets. 
Flowers. — iolct, grad|jj||l . 

Pod.— Bold (1*5X0*G).^ 

Seed.— Large, pale pinkish buff, heavy eloiuly mottling, grade 3, sparse sky- 
grey speckling grade 1, with a speckle at the micropylar end ol the liiluiii. 

Type 20. 

Habit. — Early, spreading, very much open, profuse ]>rancliing. 

Stem.—Gieen with red colour at tlie base, a^igniar an<l Jiairy. 

Leaves. — Large (2*9 and 1*4 x 0*5), green with red tiiig(3 on the margins of leaOeta 
and on the stipules ; 5 pairs of leaflets. 

Flowers. — Violet grade 2. 

Pod. — Bold (1*0 X 0*7). 

Seed. — Large, pale pinkish buff, heavy cloudy mottling, grade' 3, sparse sky- 
grey speckling grade 1, with prominent speckle at the micropylar end ol the hilum. 

Type 21. 

-Early, spreading, very much open, ])i'ofiise l)ranching. 

Sfem.— GTQon with red colour at the base, atignlar and hairy. 

Leaves . — Medium (2*2 and l*4x0*5), deep yellowish-green with slight red tinge 
at the margin of the leaflets and on the stipuh'S : 6 pairs of h'allets. 

Ptocm.— Violet with a pinkish tinge. 

Pod. — Medium (1*3 x 0*6). 

Seed.- Intermediate, j)alc pinkish buff, heavy cloudy mottling, grade 3, s})arse 
sky-grey speckling grade J, with a speckh' at tlie niicro])ylar ('nd of the liilum. 

Type 22. 

Habit. Early, spreading, vety much open, profuse branching. 

Stem.- (ireen wdth red colour at the bas(*, angular and hairy. 

Leaves. — Large (3*1 and 1*5 x 0*4), green wdth is'd ting(‘ on tin* margin of the 
leaflets and on the stipules ; 5 pairs of leaflc'ts. 

Flowers . — Violet with a pinkish tinge. 

Pod.— Bold (1 *5x0*6). 

Seed, Tidermediate, pale pinkish buff, ln*avy cloudy mottling, grade 3, s})arse 
sky-grey speckling grade. I, with a speckle at tin' micro])ylar end of the hilum. 

Type 23. 

Habit.- Medium in maturity, trailing, profuse branchinir. 

Stem.- Green wdth red colour at the baM', ,ingular and Imirv 

Leaves. — Large (2*9 and l*2x0*4), yellowi.sh-m’cen , 6 p.iirs ol le<dh'ts , (I'lnlrils 

small. 
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Flowers, — ^Violet grade 1. 

Pod5.— Medium (1*3 X 0*6). 

Seed, — Intermediate, pale pinkish buff, heavy cloudy mottling, grade 3, sparse 
sky-grey speckling grade 1, with a speckle at the mieroj^ylar end of the hiliiin. 

Type 24. 

Habit, ~ Early, spreading, very much open, profuse branching. 

Stetn, — Green, angular and hairy. 

Leaves. — Medium {2'4 and l*lxO*d), dull green ; 6 pairs of leaflets. 

Flowers, — Violet, grade 2. 

Pot/.— Bold (1-5 X 0*6). 

Seeds, — Intermediate, pale x>inkish buff, heavy cloudy mottling, grade 3, sparse 
sky-grey speckling grade 1 , with a speckle at the micropylar end of the hilum. 

Type 25. 

Habit, Very early, (Tcct, somewhat closed, scanty branching. 

Stem,- angular and hairy. 

Leaves , — Large (3*4 and l*3<0*f), light green; 5 pairs of leaflets. Tendrils 
small. 

Flowers, — ^White. 

Pot/.— Small (1-2 X 0*5). 

Seed, — Intermediate, pal<‘ })inkish buff, heavy cloudy mottling grade 3, medium 
sky-grey speckling grade 2, pale yellow hilum. 

Type 26. 

Habit, - Early, semi-erect, somewhat open, profuse branching. 

Stem,— Green angular and hairy. 

Leaves,- (2*0 and 1*2 x 0*4), dark green; 6 pairs of leaflets. Tendrils 
small. 

Flowers, — ^Whitc. 

Pod.-Small (MxO-5). 

Seed, — Intermediate, pale pinkish buff, heavy cloudy mottling, grad(3 3, medium 
sliy-grcy speckling grade 2, pale yellow hilum. 

Type 27. 

Habit,— Early, trailing, profuse branching. 

ASVem.— Green with red colour at the base, angular and hairy, 
icam*. —Medium (2*1 and I '2x0*5), light green; 6 pairs of leaflets. Tendrils 
small. 

Flowers, — Violet grade 1. 

Pod, — ^Medium (l*4x0*6). 

Seed. — Intermediate, pale pinkish buff, heavy cloudy mottling, grade 3, medium 
sky-grey speckling grade 2, ])ale yellow hilum. 
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Type 28. 

Habit. — Medium in maturity, semi-erect, somewhat open, profuse branching. 
Stem. — Green with red colour at the base, angular and liairy. 

Leaves. — Small (1*9 and 1*0 x 0*3), yellowish-green with slight reddish tinge on 
the margin of the leaflets and on the stipules ; 6 pairs of leaflets. Tendrils small. 
Flowers. — ^Violet with a pinkish tinge. 

Pod.- Small (1*1 X 0*5). 

/SW.— Small, pale pinkish buff, heavy cloudy mottling, grade 3, m(‘dium sky 
grey speckling grade 2, pale yellow hilum. 

Type 29. 

Habit. — Very early, semi-erect, somewhat open, profuse branching. 

Green with red colour at the base, angular and hairy. 

Leaves. — Large (2*8 and 1*5 x 0*5), yellowish green with slight red tinge on llie 
margin of leaflets and on the stipules ; 6 pairs of leaflets. 

Flmvcrs. —Violet with a light pinkish tinge. 

Pod. -Medium (l*3xO G). 

Seed. — ^Ijarge, pale pinkish buff, heavy cloudy mottling, grarle 3, imuliuin sky- 
grey speckling grade 2, with a speckle at th(‘ inicropyl.ir end of the hilum. 

Type 30. 

Habit. Very early, semi-erect, somewhat open, profuse branching. 

Stem. - Green with red colo\ir at the base, angular and hairy. 

Leaves. — Medium (2*3 and 1 *5x0*5), yellowish green ; 5 pairs of leaflets. 

Flowers.- Violet grade 1, deeper than in any other (‘ase, both on the base of the 
standard as well as on the border of the wings. 

Pod.— Bold (l*6xO*7). 

Seed. — Large, pale pinkish buff, heavy cloudy mottling, grade 3, medium sky- 
grey speckling grade 2, with a speckle at the micropylar end of the hilum. 

Type 31. 

Habit ~ Very early, semi-erect, somewhat op(‘n, scanty branching. 

(Jrcen, angular and hairy. 

Leaves.- Small (1*9 and 1*2xt)*4), dull-green; 5 pairs of leatlels. Tcuidrils 
small. 

Flowers. — ^White. 

Pod.— Medium (1*3 x 0*5). 

—Intermediate, pale pinkish buff, heavy cloudy mottling, grade 3, medium 
gky-grey speckling grade 2, with a speckle at the micropylar end of the hilum. 

Type 32. 

Habit.- Early, semi-erect, somewhat open, profuse branching. 

Stem. — Green with red colour at the base and red splaslu's on tl)e brandies, 
angular and hairy, 
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Leaves. — Medium (2*1 and 1*1 X 0*4:), yellowish green. Red tinge on the margin 
of leaflets and on stipules ; 6 pairs of leaflets. 

Flowers. — ^Violet with a pinkish tinge. 

Medium (1*3 X 0-6). 

Seed. — Intermediate, pale pinkish huff, heavy cloudy mottling grade 3, medium 
sky-grey speckling grade 2, with a prominent speckle at the micropylar end of the 
hilum. 

Type 33. 

Habit. - Early, spreading, very much open, profuse branching. 

Ste?)). — Green with red colour at the base, angular and hairy. 

Leaves. — Medium (2*1 and i*ix0-4), yellowish green ; 6 pairs of leaflets. 
Flowers.— Wolot with a pinkish tinge. 

Pof?.— Medium (1*3 x 0*6). 

Seed, — Intermediate, pale pinkish buff, lieavy cloudy mottling grade 3, medium 
sky-grey speckling grade 2, with a prominent sj)cekle at the micropylar end of the 
hilum. 

Tyce 34. 

IIal)il. Medium in maturity, spreading, very much open, profuse branching. 
Stew. — Green with red colour at the })ase, angular and hairy. 

Leaves. Small (M) and 1*0x0* 1), deej) yellowish gr(‘cn with slight reddish tinge 
on the maigin of the leaflets and on the stipules ; G pairs of leaflets ; tendrils 
small. 

Flowers. — Violet grade 1. 

Pod.- Small (1*2 X 0*6). 

Seed. — Intermediate, pale pinlciali buff, heavy cloudy mottling, grade 3, medium 
sky-grey s})eckling grade 2, with a prominent speckle at the micropylar end of the 
hilum. 

Type 35. 

Habit. -Medium in maturity, trailing, f)rofuse branching. 

Stem . — Green with red colour at the bavse, angular and hairy. 

Pmm.-— Small (1*G and 1 *0x0*4), yellowish green ; G pairs of leaflets. 
Flowers.— Violet grade 1. 

Pod.-Small (MX 0*5). 

Seed.— Intermediate, pale pinkish buff*, lieavy cloudy mottling, grade 3, medium 
sky-grey speckling grade 2, with a prominent speckle at the mierojiylar end of the 
hilum. 

Type 36. 

Habit. ~ Late, spreading, very much op(‘n, ])rofus(‘ branching. 

Stew." Green with red colour at the base, angiilar and hairy. 

Leuves.—^mnW (1*1) and 1*0-J)*I), yellowish green ; 5 pairs of leaflets , tend- 
rils small. 
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Flowers. — ^Violet grade 1. 

Pod. — ^Medium (1*3 x 0*6). 

Seed. — Intermediate, pale pinkisli bull, heavy cloudy mottling, grade 3, medium 
sky-grey speckling grade 2, with a prominent speciklc at the micropylar end of the 
hilum. 

Type 37. 

//<rW.-- -Very early, semi-erect, somewhat open, profuse brandling. 

Stem. — Green, angular and hairy. 

Leaves. — Medium (2*4 and 1*2 x 0*4), light green ; G pairs of ((‘aflets. 
i^Zwers.— Violet grade 2. 

Pod.— Small (1*2 xO G). 

Seed. — Intermediate, pale pinkish bulli, heavy cloudy mottling, grade 3, medium 
sky-grey speckling grade 2, with a prominent speckle at tlu* micropylar end of the 
hilum. 

Type 38. 

Habit. — Medium in maturity, spreading, very much open, profuse hranclung. 
Stem. — Green with red colour at the base, angular and hairy. 

Leaves. — Small (2*0 and rOxO*4), yellowish green ; 5 pairs ol‘ leallels. 

Flowers. — Violet grade 2. 

Pod. — Small (1*2 x 0*5). 

Seed. — Intermediate, pale pinkish bull, heavy cloudy mottling, grade 3, mediini 
sky-grey speckling grade 2, with a speckle at tlui micropylar end of the liihun. 

Type 39. 

//n////.-- Very early, semi-erect, somewhat open, [nofuse branching. 

Green with red colour at the base, angular and hairy. 

Leaves. — Small (2*0 and ] -3x0 l), yellowish green Avith red tinge on I lie margin 
of leaflets and on stipules ; G pairs of leaflets. 

Floivers. — ^Violet with a pinkish tinge. 

Pod.— Bold (1*4 xO G). 

Seed. — Small, pale pinkish bull, heavy cloudy mottling, grade 3, medium sky- 
grey speckling gr*adc 2, with a speckle at tlic micropylar cud of the hilum. 

Type 40. 

Habit. — Very late, trailing, profuse branching. 

Stem. — Green with red colour at the base, angular and hairy. 

Leaves. — Small (2*1 and l*0x0*3), yellowish green ; G pairs of leallets ; tendrils 
small. 

Flowers. — Violet grade 1. 

Pod. — Small (1*1 x 0*5). 

Seed. — Small, pale pinkish bull, heavy cloudy mottling, grade *1, medium sky- 
grey speckling grade 2, with a speckle at the micropylar end of the hilum. 
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Type 41. 

Habit, -Very early, spreading, very much open, profuse branching. 

Stem, — Green, angular and hairy. 

Leaves, — ^Medium (2 ‘5 and 1 *4x0*4), yellowish green ; G pairs of leaflets. 

Flmers, — Violet with a pinkish tinge. 

Porf.— Bold (1*6 X 0*7). 

Seed. — Large, pale pinkish buff, heavy cloudy mottling, grade 3, heavy sky- 
grey speckling grade 3, with a very prominent speckle at the micropylar end of the 
hilum. 

Type 42. 

Habit. — Early, semi-erect, somewhat open, profuse branching. 

Stem, — Green, angular and hairy. 

Leaves.' -Medium (2*5 and 1 *6x0*4), yellowish green ; 6 pairs of leaflets. 

Fhwers.—Yioht grade 2. 

Pod. — Medium (1*3 X 0*6). 

Seed. — Intermediate, pale pinkish buff, heavy cloudy mottling, grade 3, heavy 
sky-grey speckling grade 3, with a prominent speckle at the micropylar end of the 
hilum. 

Type 43. 

Habit.- Very early, semi-erect, somewhat open, scanty branching. 

Stem, — Green, angular and hairy. 

Leaves. -Medium (2*2 and l*3x0‘l), dull green; G pairs of leaflets ; tendrils small. 

Flowers,— VJhitQ. 

Pod. — Medium (l*3x0’5). 

Seed. — Intermediate, ])alo ])inkish ))uff, medium cloudy mottling, grade 2, sparse 
sky-grey speckling grade 1, pale yellow hilum. 

Type 44. 

Habit. —Very early, semi-erect, somewhat open, scanty branching. 

Stem. — Green, angular and hairy. 

Leaves. -Snmil (2-0 tiiid l-lxO-4), giwii : 0 jiairs of leaflets; tendrils small. 

Flowers.- White. 

Pot/.- KSmall(l*lxO*5). 

Seed. —Intermediate, pale pinkisli buff, medium cloudy mottling, grade 2, sparse 
sky-grey speckling grade 1, pale yellow hilum. 

Type 45. 

Habit. Very early, semi-erect, somewhat open, profuse branching. 

Stem, — Green, angular and hairy. 

Small (2-1 and Tl xO-4), dark groen ; 6 pairs of leaflets ; tendrils small. 

l<'lowers. — White. 

Pod.-Small (1-2X0-5). 

Seed. — Intermediate, pale pinkish huff, medium cloudy mottling, grade 2, sparse 
sky-grey speckling grade 1, pale yellow hUum. 
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Type 46. 

Habit, — Early, spreading, very inncli open, profuse branching. 

Stem, — Green, angular and hairy. 

—Medium (2*4 and 1*1 X 0 4), dark green ; 7 pairs o[ leaflets. 

Flowers, — White. 

Pod,- Small (1-1 X 0*5). 

Seed, — Intermediate, pale ])inkish bufl, ^medium cloudy mottling, grade 2, sparse 
sky-grey speckling grade 1, pale yellow hilum. 

Type 47. 

Habit, — Early, trailing, profuse branching. 

Stem, — Green, angular and hairy. 

Leaves, — ^Medium (2*2 and 1*2 x 0*4), dark-bluish-greeu ; 7 pairs of leaflets. 
Flowers, — White. 

Porf.— Small (Mx0*5). 

>Seed!.““Intermediatc, pale pinkish l)ufl, medium cloudy mottling, grade 2, sparse 
sky-grey speckling grade 1, pale yellow hilum. 

Type 48. 

Habit, — Very early, spreading, very much open, ])rofuse branching. 

(iroeii with rod colour at tlie base, angidar and hairy. 

Leaves,- -Madimii (2*1 and 1*5 X 0*5), } olio wish green with a slight r(‘ddyi tinge 
on the margin of the leaflets and on the stipuhvs ; 5 pairs of leaflets. 

Flowers, — Violet with a pinkish tinge. 

Pod,- Bold (1*4 X 0*7). 

Seed.- Intermediate, pale pinkish bull, medium cloudy mottling, grade 2, sparse 
sky-grey speckling grade 1, jjale yellow hilum. 

Type 49. 

Habit , — Early, semi-erect, open somewhat, ])rofusc‘ branching. 

Stem. (Jreen with red colour at tin* base, angular ami hairy. 

Leaves. -Small (2 0 and 11x0 1) yellowish green with slight leddish tinge on 
the margin of the leaflets and on the stipules . 7 pairs ol h allcts. 

Flotvers. -Violet witli a light pinkish tinge. 

Pod. Small (I *2x0*0). 

Seed,- Intermediate, pale pinkish bull, medium cloud} mottling, guide 2, sparse 
sky-grey speckling grade 1, pale yellow hilum. 

Type 50. 

llalnf. Early, semi erect, somewhat open, profuse branching. 

Stem, — Green, angular and hairy. 

Leaves, — Medium (2*2 and 1 *3x0*6), dull green; 0 pairs of leaflets ; tendrils small. 
Flowers. — Violet with a pinkish tinge. 
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Porf.— Small (1*1 X0*6). 

Seed, — Intermediate, pale pinkish buff, medium cloudy mottling, grade 2, sparse 
sky-grey speckling grade 1, pale yellow hiliirn. 

Tyi*E 51. 

Medium in maturity, semi-erect, somewhat open, profuse branching. 
Stem. — Green with red colour at the base. 

Leaves.— HimW (21 and 0 9 X 0*3), deep yellowish green with reddish tinge on 
the margin of the leaflets and on the vStipules ; 7 pairs of leaflets : tendrils small. 
Flowers. Violet grade 1. 

Pod. — Small (1*2 X 0*6). 

/Sccrf.~]*nterm(‘diate, j)ale pinkish bulf, medium cloudy mottling, grade 2, sparse 
sky-grey speckling grade 1, pale yellow hilum. 

Type 52. 

llahii. Late, spreading, very much open, profuse branching. 

Stem.— QxH^n with red colour at the base, angular and hairy. 

Leaves , — Large (3*0 and l'lx0*4), dark greim ; 0 pair's of leaflets, 

Flowers, — Violet grade 1. 

Pod, - Medium ( 1 *3 X 0*6). 

Seed, lutermodialc, ])ale pinkish buff, medium cloudy mottling, grade 2, sparse 
sky-grey speckling grade 1, pale yellow hilum. 

Type 53. 

11 obit. Very late, semi-erect, somcT^hat open, bushy, profuse brandling. 

Green with red colour at the base, angular and hairy. 

Leaves. — Small (1*0 and 1 ‘Ox 0*3), yellowish green , 0 pairs of leaflets. 

Flowers.— Violet grade 2. 

Pod.— Small (1-2X0 G). 

Seed. — Intermediat(*, pale pinkish buff, medium cloudy mottling, grade d, sparse 
sky-grey speckling grad(' 1, with pale yellow hilum. 

Type 51. 

Very early, semi-erect, somewhat open, profuse branching. 

Stem. — Green, angular and hairy. 

Leaves, — Small (2*0 and 1*2 X 0*4), light green ; 6 pairs of leaflets ; tendrils small. 
Flowers. — ^Violet grade 2. 

Pod.— Small (1*2x0 5). 

Seed. — Intermediate, pale pinkish buff, medium cloudy mottling, grade 2, sparse 
sky-grey speckling grade 1, pale yellow hilum. 

Type 56. 

Ilaldt , — Very early, semi-erect, somewdiat open, scanty branching. 

Stem, — Green, angular and hairy. 

Leaves. — Small (2*1 and l*0x0*4), dark green ; G pairs of leaflets ; tendrils small. 
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Flowers, — White/. 

Pod, — Small (1-1 x 0-6). 

jSeerf.— Small, pale pinkish buff, medium cloudy mottling, grade 2, sparse sky- 
grey speckling grade 1, pale yellow hilum. 

Type 66. 

Habit, — ^Very early, spreading, very much open, profuse branching. 

Stem, — Green, angular and hairy. 

Leaves, — ^Medium (2*4 and 1*2 x 0*4), green ; 6 pairs of leaflets; tendrils small. 
Flowers, —White. 

Porf.— Small (1 *2 x 0*6). 

Seed.'- Small, pale pinkish buff, medium cloudy mottling, grade 2, sparse sky- 
grey speckling grade 1, pale yellow hilum. 

Type 57. 

Habit. — Early, spreading, very much open, profuse branching. 

Stan, — Green, angular and hairy. 

Leaves. — Medium (2*3 and l*lx0*4), green; 6 pairs of leaflets; tendrils small. 
PZou’m.—White. 

Poc?.— Small (1*2 X 0*6). 

Seed. — Small, pale pinkish buff, medium cloudy mottling, grade 2, sparse sky- 
grey speckling grade 1, j)alc yellow hilum. 

Type 68. 

Habit. — Early, semi-erect, somewhat open, profuse branching. 

Stem. — Green with red colour at the base, angular and hairy. 

Zmm.— -Small (2*0 and 0*9 X 0*3), yellowish green ; 6 pairs of leaflets ; tendrils 
small. 

Fkwers. — Violet with a pinkish tinge. 

Por/.— Small (MX 0*6). 

Seed.— Small, pale pinkish buff, medium cloudy mottling, grade 2, sparse sky- 
grey speckling grade 1. pale yellow hilum. 

Type 59. 

Habit. — Early, erect, somewhat closed, scanty branching. 

Stem. — Green with red colour at the base, angular and hairy. 

Leaves. — Medium (2*2 and 1*1 X 0*4), yellowish green ; 5 pairs of leaflets. 

Flowers. — Violet grade 1. 

Pod.— ’bold (1-4X0-6). 

Seed. — Large, pale pinkish buff, medium cloudy mottling, grade 2, sparse sky- 
grey speckling grade 1, with a speckle at the mieropylar end of the hilum. 

Type 60. 

Habit, — Early, semi-erect somewhat open, scanty branching. 

Stem, — Green, angular and hairy. 
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Leaves , — Medium (2*7 and 1* 1x0-5), dull green, 5 pairs of leaflets. 

Flowers, — ^Violet grade 2. 

Pot/.— Medium (1*4 X 0-6). 

Seed —Large, 2 )ale pinkish buff, medium cloudy mottling, grade 2, sparse sky- 
grey specklinj; grade 1, with a speckle at the micropylar end of the hilum. 

Type 61. 

II ((hit, -Very early, erect, somewhat closed, scanty branching. 

Stem, — Green, .rngular and hairy. 

Leaves , — Very large (3*8 and r3x0*4) light green ; (> pairs of leaflets ; tendrils 
small. 

F foivcts, — White. 

Pod, — Small (1*2x0 o). 

>SVfd.— Int(Tmc(Iiatc, pale pinkish buff, medium cloudy mottling, g^ade 2, sparse 
sky-grey bjreckling grade 1, with a speckle at the micropylar end of the hilum. 

Type 62. 

Ilainf, l^arly, spreading, V(*ry much open, profuse branching. 

Sletn. Green, angular and hairy. 

L( atx^s,— MeAiwm (2*3 and l*lx0*5), green; 7 pairs of leaflets. 

Flowers. — Whffe. 
iW.— Small ( 1*2 X 0*6). 

Seed . — Tnterm(‘diate, pale pinkish buff, medium cloudy mottling, grades 2, sparse 
sky-grey speckling grade 1, with a speckle at the micropylar end of the hilum. 

Type 63. 

y/o6zV. —Early, trailing, profuse branching. 

Ste7n. — Green, angular and hairy. 

Leaves . — Medium (2*1 and 1-1 X 0*5), dark green ; 7 pairs of leaflets. 

Flowers. — White. 

Pod.— Small (1*1 X 0*6). 

Seed.— Intermediate, pale pinkish buff, medium cloudy mottling, grade 2, sparse 
sky-grey speckling grade 1, with a speckle at the micropylar end of the hilum. 

Type 64. 

Habit. — Very early, semi-erect, somewhat open, profuse branching. 

Stem. — Green, angular and hairy. 

Lcares.— Medium (2*6 .md 1*5 X 0*5), light yellowish green; 6 pairs of leaflets. 
Flowers. — ^Violet grade 1. 

Pod.— Bold (1*5 X 0*7). 

Seed. — ^Intermediate, pale pinkish buff, medium cloudy mottling, grade 2, sparse 
sky-grey speckling grade 1, with a prominent speckle at the micropylar end of the 
hilum. 
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Type 65. 

lUihit. — Late, spreading, very much open, profuse branching. 

Stem , — Green with red colour at the base, angular, and hairy. 

Leaves , — ^Medium (2*5 and 1‘1 x0*4), yellowish green ; 6 pairs of leallets ; tendrils 
small. 

Flowers , — Violet grade 1. 

Poti.— Bold (1*4 X 0-5). 

Seed, — Intermediate, pale pinkish bull, medium cloudy mottling, grade 2, sparse 
sky-grey speckling grade 1, with a speckle at the mieropylar end of the hilum. 

4ype 6G. 

H((hif, —Very early, spreading, open very much, scanty branching. 

Stem, — Green, angular and hairy. 

Leaves , — Small (2*8 and Tlx 0*1), dark green ; 5 pairs of leaflets. 

Flowers, — White. 

Porf.— Small (l-lxO-5). 

Seed, — Small, pale pinldsh buff, medium cloudy mottling, grade 2, sparse sky- 
grey speckling grade 1, with a speckle at the mieropylar end of the hilum. 


3^QlPC—M—III-l-94— 1-2-29 -650. 




Morphological details in Lentils. 

Fig. ). Branch showing the arrangement ot leaves, flowers and pods. 

Fig. 2. Leaf. 

Figs. 3-^. Different stages in the development of the flower bud. Fig. 5 shows the bud just before opening — a stage when 
the pollen grains burst and fertilise the flower. 





PLATE II. 


1 



Tints of foliage colour when seen in mass. 

I, Diifl (light bluish) green . 2, Light yellowish green , 3. Yellowish green . 

4, Cjreen ; 5 Dark green ; 6, Dark bluish green. 












PIATE III. 



The range in flo\%er colour. , i , i 

I, l,:te^T>-pe 6 ; 2. White w.th lilac colour on the >eln»-Type 2 j 3, Pmk-T>pe I ; 4. Violet with a pinkish tmge-Tjpe 8 

5, Violet, Grade I — Type 9. 




PLATE IV. 
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PUBLICATIONS OF THE IMPERIAL DEPARTMENT 
OF AGRICULTURE IN INDIA 


TO BE HAD FROM 

THE MANAGEB, GOVEBNMFNT OF INDIA CENTRAL PUBLICATION BRANCH, IMPERIAL 
SECRETARIAT BLILDING, 3, GOVERNMENT PLACE, WEST, CALCLITA ; 

THE OFFICE OF THE AGRICULTURAL ADVISER 10 THE GOVERNMENT OF 

INDIA, PUSA, BIHAR . 

AND 

ALL AGENIS lOR SALE OF GOVERNMENT PUBLICATIONS. 

A complete list of the publications of the Imperial Department of Agriculture in India can bo cb- 
tained on application from the above-mentioned. 

These publications aie 

L The AgncuUural Journal of India, A Journal dealing with subjects connected with agricultural 
economica, held xnd gaidcn crops, economic plants and fruits, boils, manures, methods of culti\a« 
tion, irrigation, climatic conditions, insect pests, fungus diseases, co operative ciedit, farm imple- 
ments, and other agrituliuial matte is m India Hlustiations, including coloured plates, form a 
prominent feature of the Journal. It is edited Ly the Agricultural Adviser to the Government of 
India, and is issued once every two months or si\ times a year Annml subscnptiont Rs. 6 or 9a. 
6d. including postage Single copy Rt 1 8 or 25 

2, The Journal of the Cential Buicau jer Animal Jlv'ylandry and JJairying %n India, A ouarteily 

dealing with tattle bieeding, dairying, cultivation and stoiage of fodder crops, animal nutiit on, 
and other aspects of animal husbandry. It is edited by the Agricultural Adviser to the Govern- 
ment of India. Annual subscrijHton, Rs 2 8 0 bingle copy As. 10. 

3. Scientific Reports of the Agncultural Research Institute, Pusa. 

4, Review of Agricultural Operations m India. 

5. Proceedings of the Board of Agnculture in India. 

6 Prooeedmgs of Sectional Meetings of the Board of Agriculture. 

7. Memoirs of the Imperial Department of Agriculture in India 

(a) Botanical Scries. 

(b) (%eniicdl Senes. 

(c) Entomological Senes. 

(d) Bacteriological Senes. 

(e) Vetoiinary Senes. 

8. Bulletins issued by the Agricultural Research Institute, Pusa. 

9. Books. 

The following are the publications of the last two years 

Scientific Reports ot the Agricultural Roscaich Institute, Pusa (including the Reports of the Imperial 
Dairy Expert, the Physiological Chemist, Government Sugarcane Lxpert, and Secretary, Sugar 
Bureau), for the year 192b 27. Price, Rc. 1-14 or 35. 3d. 

Soientifio Reports of the Agricultuial Research Institute, Pusa (including the Reports of the Imperial 
Dairy Expert, Phyeiolocual Chemist, Government Sugoirarc lxpert, and Secictary, Sugar 
Bureau), for the year 1927-28. Pnee, Rs. 2-6 or 45. 3d. 

Review ot Agricultural Operations in India, 1925 26, Pnee, Rs. 2-6 or 45. 3d, 

Review of Agricultural Operations m India, 1926-27. Pnee, Rs. 2 or 3s. 6d. 

Proceedings of the Board of Agnculture m India, held at Pusa on 7th December, 1925, and following 
days (with appendices). Pnee, Re. 1 14 or 35. 3d. 
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Vol. 
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S. The original planted sett. 

Sett roots (formed from the sett). 

a. The first shoot developed from the sett, 
a*. Shoot roots developed from o. 

b. Other shoots developed from a, 
b^. Shoot roots developed from b. 
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I. Early (germination) stages— period op Sett roots. 

(1) Sett roots and th^ir formation. 

In ordinary cultivation the sugarcane is grown from cuttings or ^ seifs as 
they are also called. To start germination these cuttings are planted in soil already 
containing a sufficiency ot moisture to germinate the huds ; or, where the soil 
moisture is deficient, periodic and suitable irrigations are given to maintain the 
moisture in the soil. When the sett comes into contact with the moisture in the 
soil, it absorbs the moisture and certain changes take place in it. Usually, one of 
the first activities in the planted sett is the development of roots from the trans- 
lucent dots or ‘ root eyes ’ found at the base of every cane joint. These translucent 
dots arc really the incij)lent or resting root tips and are often the first to be called 
into activity during germination. It is proposed in this paper to call tliese roots 
* sett ’ roots because of their origin from setts and in contrast with ‘ shoot ’ roots to 
be described later. 

(2) Nwnber of root eyes developing sett roots. 

Sugarcane varieties show interesting differcmces in the number and length of 
sett roots that are developed during the first stages of germination (Table I and 
PI. I). The number of sett roots formed is large in the case of the tropical canes 
as compared with that in the Indian canes. The now popular Coimbatore seedlings 
mostly resemble the Indian canes apparently because of their parentage, while the 
P. 0. J. seedlings thus far studied tend more towards the tropical types. 
Saccharum spontaneum is rather different from Saceharuni arundimeeum in this 
respect as seen from Plate I which was prepared from photographs taken sixteen 
days after planting. 

♦ In publications from Madras where this term is most commonly use 1, it is sometimes spelt ‘ sH ’ 
and at other times ‘ sett \ 'Fho latter spellim; Ims l^oon adopted to Keep it distinct from the word 
with one ‘ t 
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It needs to be mentioned liere that the Indian canes show difierences accoraing 
to the gi‘oup to which they belong. The canes belonging to the Pansahi group 
develop the fewest number of sett roots aud a more detailed study of the rooting 
phenomena might throw souk* light on the phylogenetic relationships of the differ- 
ent groups of canes. Tlie Java cane Kasaoer develops a small number of sett roots 
suggesting its derivation from Sacch. spontaneum. 

In certain cane seedlings derived from Sacch. apotiUuicam as also in Sacch. spon- 
taneum itself all the root eyes do not take part in the first formation of sett roots 
(PI. I, figs, of Sacch. spoatamum and Oo. 205). Some of the root eyes continue 
dormant aud develop roots later on. should the need arise. This would appear to 
be a definite and valuable provision against possible a<lversc conditions during the 
early stages of growth. It is as if the plant were reluctant ‘ to place all its eggs 
in one basket ’ in the matter of the formation of the first batch of sett roots. 

Table I. 


Number of sett roots developed during germination. 


Name of varic'ty 

(Jioup 

Number of sett roots 
developed ten days 
after sowing 




(Average of 20 




countings) 

Striped Mauritius 



5«-2 

Green Sport of Striped Mauritius 



50-3 

BadiUi (Fiji B) 



340 



^Tropical canes . 


B. 254 . . ... 



30-0 

B. 3412 . . , . 



130 

Kaludai Boothan 



42*3 

Katha 

1 


31*9 

Chunnee . 


►Saretha groups 


(v8 

Sarotha desi 

> 



10-7 

Eetari 




1*5 

Clhinia . . . . . j 


vPansahi 

j-Tndiari can os 

2*8 

1 


!?T-OUp. 



Uba . ; 

j 



J-O 

Sewari 

■> 



S-l> 

Narp^ori 


i^Nargori ureup^ 


10-8 

. . . 

* 



ir)-r> 







PLATE 1. 


G^erm'iKiahoKi; Early stages. 



Sett root development sixteen da >5 From sowini? (from pKolographs). Co. 205 is a hybrid with 
Sacch, spontaneum. Differences exist between varieties in the number as well as in the length of 

sett rootsAThere is no conidation between sett root development and sprouting of buds. 
A^o/e.— 'Fiji B is the Indian name for Badila. 
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Table I — coM. 

Number of sett roots developed during germination contd. 

Group 


IvOoimbatore socdb’npfs . 




► P. O. .r. Soo(lIinfi;s 


Wild iSaooharuinR 

(3) Bad sprouting not correlated urith sett root development. 

From (5oiiHi(l(‘Tations it should be an advantage to the yoiuif^ j)lant to 

start with an ('arly dovelo])iTient of a fair number of sett roots. Such a d(‘velop 
meat (of S(‘tt roots) would the plant to obtain its nutrition from the soil 

(Hirlier than in the ca-se of varieties which develop these roots at a later sta^e. In 
the latter case the dev(dopiiig shoot will have to depend on the food stored in tlie 
sett diiriniy its earlier stages ol development and till the sett roots are foriiKul and 
establish eonne(;tion witli tlu* soil. 

The varieties belonging to the Pansahi group of Indian canes develop sett roots 
late. In e.ertain of them the bud attains a fair amount of growth Ixifore the setts 
begin to jirodiua* roots. Theri* is thus no direct relation between the very lirst 
stages of bursting and shooting of the buds and the de.velofunent of roots from the 
sett. The words M)ursting ’ and ‘ sJiooting ’ are used deliberately in contrast to 
a proper and eflieient germination, for which sett roots would appear to bo 
essential. 

(4) Sett roots essential for proper bud germination. 

That, sett roots ar<‘ (\ssentia,l, for a proper germination and development of the 
bud into a shoot has been shown in a previous publication.^ It was there indicated 

^ Venkatraman, T, S. Studies in Sugarcane Germination. Agri, Jour, India, Vol. XX 1, pt. 2’ 

p. 101 


Number of .sett roots 
developed ten days 
after .«!Owing 

(Average of 2o) 
Oountings] 

:m> 

21*2 
8-9 
74 
21-5 
2;m 
25-0 
2S T) 

la 1 

2:i 

7-7 


Name ol variety 

Co. 20.0 

Go. 210 

Oo. 213 

Go. 281 

F. O. J. 1547 

F. O. .r, 2631 

I’. O. . I. 2688 . ... 

I». (). .1. 2(l!)0 

F. O. .1. 260(i 

Sacchnrnm ^ponlancM m 

Sii''cA arnn/hm>'e>m ; (Glonggong of Java) 
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that the bud, however carefully sown and tended, would not germinate properly 
and develop into a functioning shoot, unless the ])ud had attached to it at least 
one root eye with the possibility of developing at least one sett root. It therefore 
follows that, whereas for the swelling, the bursting and early stages of shooting, 
the presence of sett roots is not apparently absolutely necessary, their presence 
is essential for the proper germination and growth of the bud. 


(5) Quality of irrigation water and its effect on sett root development. 

It is well known that the cane is particularly susceptible to the quality of irriga- 
tion water^-— though certain varieties appear to be capable of taking from the 
soil large quantities of saline matter. Saline waters exert a harmful eiSect on 
germination by retarding the formation and development of sett roots (PI. 11). 
Care should therefore be taken to irrigate the canes with water of good quality 
during the earliest stages of germination. The check in gro\vth resulting from 
irrigation with saline water during the early stages of germination is well seen from 
Table II. 

Table II. 


Quality of irrigation water and its effect on sett root development. {Weight of shoots 
ayid roots : Plants 20 days old.) 


\ aiietv 

Irrigated with ordinary 
water 

Irrigated with saline- 

WAT IB 

1^0. of 
plants 
oxaniined 

Average dry weiokt in 

GR\MMES 

No. of 
plant-^ 

cxainin^d 

Average dry weight in 

GRAMMES 

Shoot iiortion 

Root portion 

Shoot portion 

Root portion 

Katha . 

5 

0-470 

0*160 

2 

0-210 

0-076 

Chunnee 

0 

0-44d 

0*120 

4 

0-206 

0-020 

Saretha 

6 

0'266 

0087 

6 

0-191 

0-036 

Dbatihi . 

6 

0-363 

0-163 

4 

0-128 

0-045 

Hemja . 


0-300 

0-070 

5 

0-214 

0 034 

Rheora . 

6 

0-160 

0-053 

All plants unhealthy. 

Sanaohi 

0 

0 421 

0-078 

5 

1 0 176 , 

0 012 


The ordinary ’ water in the above experiments contained 78*0 total solids 
in 100,000 parts. The ‘ saline ’ water contained a little over 500 parts. The 
salts were chiefly sodium chloride and sodium carbonate. 


n ^rri^iation W^toi loi Cultivation Ymr Boo/, Madras De^d 











PLATE II 


Irri^dtioKi water & sett roots development. 



fhere is a marked retardation fn sett root development when planted setts are irrigated with saline water^ 
Irrigation with saline water should therefore be avoided. 




periodic Kooi aissecnoKis. 

(BackdrouHol ^wo feef squares) 



Th« above sketches arc of average specimen of four dissections in the field canes were planted on lit 

April. Note the gradual death of seil roots (dotted lin^), as the plants grow Owing to the constant production 
of new roots, the root system of the cane varies from time to time A detail^ knowledge of root systems^rt 
dStforont itaget would be a valuable guide to tbe conducting of manurial and cultural operations with 
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11. Later stages in growth — shoot roots ano their development. 

(1) Formation of shoot roots. 

Although, as abeady mentioned, sett roots are apparently essential for ger- 
mination and the early stages in the development ol the tuid into a shoot, these 
roots generally die alter a time (PI. Ill and Table 111). On aecount of their tem- 
poral y nature, the corresponding roots m cereals have been sty ltd temporary roots ” 
by other authors.^ Latter on, the growing plant is dependent for its nutrition on 
other roots which develop later from the shoots, be they the first formed ‘ mother ’ 
shoots or other shoots which are subsequently developed from this * mother ’ 
shoot. It is proposed to call these ' shoot ’ roots, because of their origin from 
shoots and not from setts. These shoot roots differ in certain respects from the first 
formed sett roots ; and certain of these difYeriuices will be briefly dealt with in a 
subsequent section of this paper. The shoot roots ol the cane plant, in away, 
correspond to the ‘ nodal ’ roots of barley and the sett roots to tin* ‘ seminal 

'Ihc period during which sett roots fimction differs in the different varieties. 
I'he sett roots of Sacch. spontanemn function the longest and ceitain ol the hybrids 
with Sacch. spontaneum -hke Co. 205^— have shown this character. 

Table III. 

Relative weights of sett and shoot roots at different stages of growth. 


(Average of 6 plants.) 




Dky ^^cIaIll 

IN aR\MMr.s 

Name ol \ .uioty 

ol [)I uU 





S( tt J 00 ts 

Shoot roots 


l)n V > 




30 

0 3 

2-9 


.')S 

0-2 

10-2 

KalliH • . . . . • • X 

7S 

O'l 

18-4 

1 

104 

01 

:n*3 


37 

0 s 

2-9 

. J 

OS 

0 7 

11-7 

Snrptlia • • « • • • • •a 

81 

0-4 

19-6 

i 

104 ' 

0 1 

27-2 

r 

30 

0-4 

2-2 

M • J 

00 

0-5 

7-5 


bl 

04 

9*7 

1 

105 

0 2 

19*4 

r 

40 

0 0 

1*2 

. o J 

04 

0-5 

3*7 

l'^. K. _ . . . • . ♦ • • N 

83 

0 5 

.7-6 

1 

110 

0 3 

17*3 


J Wiggans, K. C. Jour. American ‘Soc., Agronomy; Vol VIII, lOlS, p. 31. 

Jackson, V. G. Ann. JBoUf Vol. XXXVI, 1922, p. 21. 

* Veiikatraman, T. S., and Vittal Rao, U. Coimbatore fcSeedJing Canes. Agri. Jour. Indian Vol. 


XXIII, pt. 1, p. 28. 
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(2) Growth of plant dependent on shoot root development. 

The shoot roots play an important role in the further growth and development 
of the cane plant and constitute the sole root system of the plant after the death 
of the sett roots. If under experiment a growing cane plant is continuously dt‘- 
prived of its shoot roots as they develop and made to depend entirely on the first 
formed sett roots, its vigour suffers markedly in comparison with the control (IM. 
VJl, Figs. 6 to 9). 

In one experiment, where ten plants of (Jo. 213 were growji on sett roots alone 
and another ten plants in the normal maimer -i,e. on sett and shoot roots- it w as 
found that tlie sett root plants did not arrow when the season came round. The 
control plants arrowed freely. These plants were five months old when the arrowing 
season arrived. 

The vigour of growth of shoot roots differs according to the variety, being 
generally greater in the Indian canes as compared with the tropical kinds. Certain 
of the Coimbatore seedlings take more after the Indian canes. In the varit'ties 
studied, a positive correlation has been definitely induiated ))etween shoot-ioot 
vigour and the vegetative vigour of the plants. (FI. IV.) 


(3) Mode of branching (tillering) in the sugarcane. 

To understand clearly the root system of the adult plant, consisting almost 
entirely of shoot roots, it is necessary to notice very briefly here the process of bi'aneli 
ing or tillering as it takes place in the sugarcane. This subject has been dealt with 
very elaborately by Dr. Barber in one of his publications.^ 

What is known ordinarily as the germination of a planted sett is really the ger- 
mination and sprouting of the bud or buds contained in the sett. These buds - 
the original buds on the sett -soon develop into shoots, an incipient stem or eane 
being formed in each at a very early stage in the development of the shoot. These 
incipient canes can be seen by taking a vertical section of the shoots, when they 
will be found to possess both incipient root eyes as well as incipient buds. Those 
incipient root eyes soon give rise to roots — the first ‘ shoot ’ roots of the plant and 
the buds develop into ‘ daughter ’ shoots. The ‘ daughter ' shoots in their 
tiun develop other shoots — ^the ‘ grand-daughter ’ shoots — and the process 
(jontinues till a fairly late stage in the life of the plant. This results in the forma- 
tion of what is ordinarily known as the ‘ Sugarcane clump, ^ such a clump being 
formed of (1) the mother shoot, (2) a certain number of ‘ daughter ’ shoots, (3) a 
greater number of ‘ grand-daughter ’ shoots and so on. Kach of the shoots 
in the clump possesses incipient root eyes containing root primordia and thertdoii* 
capable of developing into roots under favourable conditions of growth. 


^ Barber, 0. A. Tillering or Underground Branching; Mm, Dept, Agri, India, Bot, Ser„ Vol. X, 

No. 2. 


^ooF KooFs— Vi^oi/fr of ^rowFh 


PAT TAP AT T1 



Co. 213 


14 13 





whin ‘VH “r «"'* t®" pHotograpt,,. The .hoot root, of Co. 213 

mothod of dolnf tM.. ••'“o* ^ooU. Earthing up the crop at the right time i. one 







ta. Sett roots developed after the sett had established organic 
connection with the active functioning leaves of the top shoot, lb. Sett 
roots originally developed to start the top shoot. 

2. Plant of Co 213 five months old and growing at a height of 4 ft. 
above the soil, the sole connection with the soil being the 2 old roots 
shown. The leaves have turned pale and the plant is about to die out. 

3. The same plant at 6^ months showing fresh gre^ shoots as the 
result of the formation of new roots. 

To get a good crop the sugarcane should be given facilities 
for the frequent production of new roots. 
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III. The root system of the adult plant. 

We have just seen that the adult ])hint consists of a mass of shoots of different 
orders, each of the shoots ])ossossin<]; incipient root (*aj)al)l(' of (h'veloping into 
roots under favourable conditions of growth. Fn ordinary cultivation tlie basal 
nodes of most of the shoots are either inside the soil or very cIom* to it. Tlie jieriodic 
earthings which are given to the cro]) bring tht‘se basal portions and hiuice the 
incipient root eyes under the soil and thus create iavourable conditions for tin* 
<levelopment of fresh roots from th(‘ root eyes. As tin* r(‘snlt of this, iresh roots 
are more or less continuously thrown out by the cluiuj) into tlie soil. 

(1 ) Continuous developtmnt of new roots. 

Like the sett roots the shoot roots also di<* after a time, their ])lace being taken 
by other fresh roots, developed from other nodes in the same slioot or from other 
daughter or grand daughter shoots. This explains the rather considerable dianges 
in the habit and plan of root systems in the periodic root dissections (PI. 111). If 
the soil were transparent and one (‘ould wfiteh the continuous root activities of the 
sugarcane clump, one would notice an almost continuous production of Iresh roots, 
the older roots dying out and getting incor])orated with th<‘ soil. The authors real- 
ized this aspect of the root activities of the canc' plant lor the first time when they 
grew canes in water culture nd the root development thus became' c lear for conti- 
nuous observation.’ This was afterw'ards fully borne out bv jxuiodic root dissec tions 
in the field. 

Whenever there is a ehanc'c and Irom the' mode ol branc hing already described 
there are plenty of chances under ordinarv cTop conditions fchc' cane jilant jirefer 
to develop fresh roots for obtaining nourishment rathiT than dc‘])end ujion the older 
ones. By a clever arrangement, originally designed b\ the junior author, “ it has 
been possible to grow canes away from the soil, on a definite number of roots and 
without any possibility of ether new roots developing, lender suc*h c onditions the* 
plants gradually lost vigour and died out. When, however, a plant thus starved 
for fresh roots was given o])portunities to devedo]) thcmi. the plant at once grew on 
in a remarkable manner (PI. V, Figs. 2 & 3). The im|>ortanc*e of a c*ontiniious de- 
velopment of fresh roots in the life of the, sugarcane* plant is thus obvious. 

(2) Advantages resulting from the continuoas prod net ion of fresh roots. 

This constant and almost continuous production of fresh roots enables the cane 
plant to adjust its root system to the prevailing environmc'ntal conditions with a 
considerable degree of nicety. When periodic dissections are made of the 


* Venkatraman, T. S., and Thomas, R. Simple contrivanres for studying root development in 
Agricultural crops. Agri, Jour, India, Vol. XIX, pt p. 509. 

- Thomas, R. A Method of studying the roots of Sugarcane. Agn. Jonr. India, Vol. XXTl, j»t. 2, 
p. 138. 
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same plant or vnriety, it is found that they j^roatly differ from one 
another according to the conditions of growtli ol)taining at each ])eriod of dissection. 
This is well illustrated ]>y the dissections figured \n PI. III. it is interesting to 
see how the root system which was com])arativelv sliallow during middle June- 
the period of a comparatively high water tahh' in the particular field at (^oim- 
batore —changes into a much deeper root system during Se})t(‘ml)er— October as 
the water tal)le dro])s. In the case of a plant with a more ])ermanent root sys- 
tem this adjustnumt to an altered set of environmental c.onditions would be made 
by the development of a s(‘t of lateral roots growing towards jdaces of available 
moisture. In the cane, however, the new root^ which are constantly formed are 
able to direct thems(‘lves almost immediately towards points of vantage in the 
soil. A realization of this ]>]i(‘nomenon in the sugarcane has enabled tin* authors 
to understand certain otherwise ])uzzling features in tlu' root system of the same 
plant or variety at different periods. 

(H) The adult root sysUw . 

Root systems of sugarcaiu's show characteristic differences according to the 
vari(‘ty to which they belong ; and a knowle<lg(‘ of their mod(' of d(‘V(‘lo])ment is 
often useful in deciding about the suitability of a mwv cane to a given set ol 
conditions. 

Most tropical types have developed a comparatively snrfac(‘ system necessitat- 
ing a high type of cultivation for their successful growth. Most Indian canes, on 
the otluT liaiul, develop a dee])er system and ])()ssess besides, other characb'ristics 
which render it possible to grow tiuuu under comparati\(‘l\ unlavoin‘al)h‘ condi- 
tions. An id<‘al root syst(‘m, conduci\e to tlu' obtainment of ma:\imum results, 
would be one wdiich is able to tap the surface as well as th<‘ d(M*pcr la\ers oi soil 
for ]dant food. Somewhat of an approach to this ideal riz., th<‘ root system ol 
Co. 2<Sl is ligured in PI, VI. The root systems of a tropical cane (Pur])le Mauri- 
tius) and th<* grass Sacch. spontaucam all growm und(‘r the same conditions 
have also bc(*n included in the Plate for comparison. 

It should ultimately be possible to w'ork out for each can(‘ its characteristic root 
system which, bc'sidc's indicating the conditions under which th(» vaiicty is likely 
to do its best, would help to guide* the cultivation ojxTations with the maximum 
of advantage to the cro]). For instance, if it is known w hen and wdi(*r(* a particular 
variety umh'r cultivation dev(*lo])s its series of new^ roots, the manuring and cultural 
op(‘rations could be timed wdth the maximum of advantage to the growi cro]). 
It needs to be nunitioned, how^ever. that the task is rather laborious, as the root 
development is [nofoundly and continuously inflmmc^'d by environmental 
conditions ; and a very larg<* number of dissections under different conditions of 
growth w^oiild be needed to arrive satisfactorily at the typical root system of a given 
cane. Though the task is a laborious and time consuming one, it h well w^orth 
doing, because of its practical utility in agricultural operations. 



n-ATL VI. 


Adwll' Root systems 



Note the marked difference in the three root systems shown above. The roots of Purple Mauritius 
arc shallow, and of Sacch. spontaneum deep. Co. 281 — which, in the words of Dr. Earle, has established 
at Cuba “ a record of which any variet> may well be proud ” possesses shallow as well as deep roots. 
One of the preat qiand parents of Co 281 is Sacch. spontaneum .Tand it* is sugq< slcd^tlial the deep roots 
are derived from this parentage. Hybridizatioii of sugai canes with the obiect of securing 
loot systom Is a promising line of work for the fiitnret 
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IV. Sett versus Shoot roots. 

In tli(* eiirlier sections of this pa])ei the roots of the siij^areaiu^ plant were clafisi- 
ied (w(3 believe with some jiistilieation) into aSV/^ ” and ISlinot roots. We 
low proj)os(‘ to (;onsi(h*r the main clifl(‘rene(‘s between the two kinds of routs and 
s(jck for any reasons that might ex|)hiin the observed ditferenees. 

( I ) Points of difference, 

(a) Thickness. One readily noticed difference between sett and slioot rools 
is the gTeat(*r thickness of the latter (Frontispiece). Amongst the slioot roots 
themselves tliere is often a gradual increase in thickness as the |)lant advances in 
growth. The shoot roots arising fn»m the ‘‘daughter shoots are thicker than those 
from the mother shoot, those* from the ‘‘ grand-daughter ” shoots still thicker 
than those from tin* ‘‘daughter ' shoots and so on (FTontis]>icce)^ An increase 
in thhdviiess means an incr<*ase in circumlVrenoe. a corresponding increase in 
root surface and Inuice again in tin* number of root hairs tliat can ))(* developed. 
As the absorptive ])ow(*r of roots (h'pends ultimately on the numb(‘r of root hairs 
deV(‘lop(*d- other things b(‘ing eipial it is evident that as absorptive organs the 
shoot roots are b<*tt(*r «>rganized than s(‘tt roots. 

When it is remember<‘d that there exists a considerabh* ipiantity of plant food 
stored in the joints or int(*rnodes of the planted sett, it is admissible to suggest 
that th(‘ sett roots havi* another function besides tin* absor})tion of plant food from 
the soil. Anchorag(‘ suggests itself, as om* watches setts germinating on the si(h*e 
of a ra,pidly flowering irrigation clianin*! or othc*r watercours(*. ddie arrangement 
of those Toots in the form of a circle roujid t‘ach node would <*nable them to p(*rform 
this function in an admirable manner. 

(h) Pofver if ^oil penctr/ftion. The shoot r<»ots poss(*ss larger and, apj)ar(‘ntly 
also, stronger root caps than S(*tt roots and are abh* to j>it‘rce the soil with greater 
eas(*.* Their greater thi(’kiu‘ss and tlu* vigour with which they are dev(‘loped 
render them elli<‘ient as piercing organs. A more d(*taiied study of tin* histology 
and physiology of sugarcain* roots is now in hand ; ami it is hoped later to make 
this the subject of anotln*r publication. 

(c) Deu'iitij. If at any stage the sett and shoot roots ol a eane ])lant art* sepa- 
rately (*olh‘('ted, it is found that tin* shoot roots ar<‘ light(‘r than the s(‘tt roots which 
are more librous (Table IV). Though regular weights have md* b(‘('n n‘corded, it 
IS probable that the later formed shoot roots wo\dd be lighter than the earlier 
ones. 

(d) (irowlh. But [)erhaps the most iiujiortant dilference betwe(‘n the two classes 
of roots -a difhTenc<' whicli is of importance in the growth ol the ])lant is their 

^ Venkatranian, T. S., and Thomas, 1’. 'Simananc Urmlinii; 'I\‘<-hiiuiu(' — Isolation ol Hnc arrows 
from undesired pollen througli artilicial rootinc: of canes. A(iri. lour. ludtUy Vol. XXI, pt. 3, Plate VI. 

♦ Ditferenees have been noticed between shoot roots of dillerent \aiietie8 iu their power of pene- 
tration into various soils. 
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r(3lative power of growth. Under ordinary crop conditions, the two classes of root^ 
become intertwined with one another and it is not possible to separate them easij\ 
with much claim to accuracy. With the special method ol the Junior author al 
ready referri'd to, it is now possible to grow the two classes of roots altogt'thei 
se])arate from each other and even ieed them in two dilferent ways, il the jdaii 
ol the experiment needed it. Plate \"IJ, Pigs. 1 to 5 dlustrate the greater amount oi 
growth from shoot roots as compared with that iroju s(‘tt roots. Two plants o I 
Co. 21 J were first started on sett roots Iroui tlu' bottom nodes, the setts two 
budded setts in this case — being ])lanted vertically in pots. Fig. 1 represents tlu 
growth from tin* sett roots ol tlu' bottom nodes and it will be notic<*d that thc\ 
are about ecjual in the twa) to]) ]>huits in Plate Vll. Fig. 2 represemts growth irom 
0 sett roots developed Irom tho toj) nodi^ and Fig. J growth from two shoot 
roots developed from the top node ol the second plant during the same pr^riod. 
A similar result was obtained perhaps in a more striking manner- by growing a 
third plant on all the sett roots developed from the bottom joint during th(‘ 
first two months and subse(|uentl)' tlirowing the plant lor a inrtlier p(‘riod ol two 
months on a couple ol shoot roots developed Irom tlu' top node. It is nnlor- 
tiinatc that weiglits w<‘re not recorded at th(‘ time, but tlu* pictures, drawn Irom 
photographs, are i airly (‘onelusiv(‘. Over a dozmi plants growm In the abov (3 
manner gave similar results. 

Table IV. 
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PLATE Vll. 


Sett««'« Shoot Roots ■ Differences "-Drowth 

(Plant Studied Co 213) 



1 Mass of sett roots from bottom node on which ih plant® (not seen in the picture) wt re ori<>in ilK si irlt <» 

2 Three months growth of sett roots from top node 3 Three months growth of shoot roots tr^in 

node 4 Two months growth from a large number of sett roots 5 1 wo months growth from i couple ot 

shoot roots 6 Root growth during four months when the plant wis made to depend on sett ilone 

the shoot roots being removed as they were formed 7 Shoot of the above plant at tour months » Koot 
growth during four months, when the plant was allowed both sett and shoot roots ) shoot or the above at 
four months 

Note — ^Thc plants 6 to 9 are not comparable with the others in the plate 
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(2) Suggested reasons for the observed di fferences, 

Whilo the shoot roots are markedly different from sett roots in botli aj)|)earaii( 
and functions, a little consideration will show that th<‘y are altt*r all similar to one 
another. A sett is really a piece of cane (as iis<‘(i in planting over the hulk of 
India), generally full grown, and carrying three buds. While exaininiiig the origin 
and d(*.vclopment of shoot roots, it was observtMl that tlie slioot roots also had 
their origin from canes, though in a rather in(‘ipient stcat(‘. 

The sett roots are fornnul from fully formed canes, tin* can(\s th(‘mselv(‘s l)<‘ing 
in a dormant condition with dormant buds and root eyes. The shoot roots, on the 
other hand, take their origin from canes which are actually tlevclopiiig and con- 
sequently in an active state of growth. Secondly, the sett roots arise' Irom caiW'S 
which have no leaves attached to them. Th<‘ cam's producing shoot roots, on the 
other hand, are in organic coniu'ttion uith actively functioning and assimilating 
leaves ; and it is therefore admissible to j)iesume that tlu'se' cam's have circulating 
in them plant food in a form available tor imineeliate use. The above differe'Jice's 
are, in the opinion of the authors, adeMpiate to explain the difference's observetl 
between tin* two kimls of roejts. The* fact that amongst the* she)ot roots themselves 
the latei formed /.c., those formeel whenthe‘ ]>lant is in a more active' ami advanceel 
state of growth are thi(*ker than the' (»arlier formeel shoot roots lends soim* suppoiii 
to the above view. 

(3) Experimental evidence in support of (2) above, 

if, as has been assumeel, the e*ondition of the cam's at the* time e)f roe>t forma- 
tion is la-rgely re'sponsible for the* elifferenices noticeel one* shoulel be' able' te) obtain 
from the root eyyes of a se'tt whie'h, inste'ael of being eleumant. pe>sse‘sse‘s enganic 
comiection with activel) functioning leaves sett re)e)ts thie-ke*!* and stronge'r than 
ordinary sett remts ami ratlu'r e‘e)mj)ara))le to she)eit roots. 

b"or this purpose a e*ane sett e)f si've'ii je)lnts was jelante'd ve'itie-ally in a peit, the* 
bottom nejdc alone being buried umler the seiil at the' start ol the* e*xj^criment. All 
the buds in the sett we're* e*arefullv remeive'd e*xce*pt the top oju*. the' roed eye*s being 
left intae't in all the node's. Afte'r a time* ami with the ordinary treatment, roots 
developed from the buried noele much like orelinary sett roots (Id. \h 1. (/>)). Wdth 
this eleve'lopment of st*tt re)()ts, the* te)p buel the* emly bud em the* st*tt spre)ute'd 
and afte'r some time de've'lojie'd a slmeit with activi* le‘a\e‘s. At this stage* certain 
of the node's above the* bedteuu ne)de (already in the* seid) we're* tre'ate'd lor root 
development ; and the roots thus eleve'leipt'd (Id. V. 1 (e/ ) we're* el istim*tly thicke*!* 
than those of the bottom node and appeared to be more* vigorous as well. 

V. Certain interestino ruARACTERrsTics ok soaAue'ANio roots. 

In the enurse of these' investigations, siuxelry inte*r(‘sting characteristics e>f sugar- 
cane roots w'cre met with : and it is proposed to ih'al very brielly here with two of 
the more important of these. 
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( 1 ) Aerotroj/ism. 

Koots of moat ca.nc va.ricties arc jpositivcly aerotropic. Tliere arc, liowcvcr, 
intercatiiig differcncea between varieties m>^thia respect, wliich are well brought 
out wlu'n canes are grown in water culture. Tlu? sett roots oJ' Striped Cheribon, 
for instance, are more aerotropic tlian tlioae ol Katlia — an Indian caxie not quite 
intolerant to w ate logging (1*1. VJll, Kigs. L and 2). In both Hem] a (an Indian 
cane commonly growji in the (dangetic plain) and in Badila, the branches arising 
from the iirst formed sc'tt roots ar<i aerotropic (1*1. Vlll, higs. 3 and d). hig. 5 in 
tlie same Plate shows tlie roots of another tropical cane -Ked Sport of Striped 
Mauritius— growing towards the surface of the soil in the plot. 

The grass Saooli. a pouf an cum is a.ble to grow under water-logged conditions and 
seedlings ilerived from it have sliowji similar resistance to water-logging. The 
authors liave derived useful indications in this matt(‘i’ froni [)lants grown in water 
culture. Compar(‘d with Indian canes, the trophud^kinds are more difii(mlt to grow 
in water culture, some of them often dying alter four to six weeks. Certain seeii- 
lings derived from Sacch. spoutaucum have been known to grow in water culture 
solutions and with but little attention lor over eight months. 

(2) Adaptutiom for rooting ejjiciencg, 

PI. IX, 1^'igs. I and 2 show a rather interesting adaptation by wliich tlie roots of a 
shoot, growing well above th<i soil, manage to reach to it. Idle roots lirst produced 
from the abov(‘-gr(MUid slioot in Fig. 1 became dwarfed, ap})arentiy on account of 
their inabilit) to function properly. Furthm roots were successively developed 
from the shoot aud met with a siimlar fate, till the mass of roots almost reached 
to the soil and formed in effect a kind of bridge betw^eim the shoot and the soil. 
The latest roots to be developed reached the soil over this mass of roots (J*l. IX, 
Fig. 2). Cnee the soil was n^udied, the roots grew' in the normal manner. 

Yet another adaptation conducive to rooting elliciency is the depressed lial)it oJ 
the first formed shoots, rfuch a habit almost buries the shoot— and hence the inci- 
pient cane in the shoijt into the soil, thus contributing to an early development 
of roots aud tillers from the lirst lormed shoots. 1*1. IX, Fig. 3 shows thre<‘ such 
depressed shoots in darker lines. 


VI. Summary and Conclusion. 

Uuring the germination or sprouting ol sugarcane setts, th(‘ development of 
roots from the dormant root eyes is one of tlie lirst activitiiss. 

The roots thus developed from setts have beim styled “ sett ” roots in contrast 
to sliool roots which are devidoped later from the shoots. 

There is no coiTelation b(‘tweeu sett root proiluction and the sprouting of buds. 
For the full development of the bud into a shoot, however, sett roots are essential. 



PLATE VIIL 


Aerofropism in Sudarcane roots. 



I to 4 were grown In water rultnre. i r • j • 

Sugarcane varieties differ ui the relative; resistance of llieir tools to water-logging. Before introducing a new 
catie into a locality liable to water-logging, its root behaviour to such conditions should be studied to avoid dis- 
appointnienl. Quite recently the senior author rccorninended a cane to such conditions on the strength or its root 
behaviour in water culture, and the cane has since proved a success. 




J'LAIt, IX. 


Adaptations for rooting efficiency 



Figs. 1 and 2 show how the dwarf aerial roots from an above-ground shoot form a kind of bridge for the 
latter developed roots to reach to the soil 

Fig 3 shows how the depressed habit of early sbools presses the shoots (darker lines) into the soil This 
helps tillering varieties which have a dtprtsstd habit in the carlv stages, not only keep down weeds hi 
covering the ground, but sometimes prove gopd tillerers as well 
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Interesting (liffcron(‘es exist l)(‘t\ve(*n rane varieties in the mim])er, length and 
fiinetioniiig ])(‘Tio(1 of sett roots ])ro(hi(‘(‘d during germination. In certain canes 
only a |)oition of the root ev(‘s produce roots, the rest r«‘niaining dormant till a need 
arises. This is considercal to hv a delinite and valualde ])TOvision against possible 
adverse conditions during the later stages of grovth. 

Irrigation vith saline wat(T is harmful to sett root d<‘velo]mietit and should 
he avoided. 

Tn most canes, sett roots di(‘ after a time and, subsequent to this, the ])lants 
are depeiuhnit on shoot ” roots develoju'tl later from the young growing shoots. 

Th(‘ rate* of gro^^th oL tin* abov<' ground portion of the cane [dant is positi^cly 
correlateil ^sitIl the growth vigour of shoot roots and tlu^ study of these roots thus 
becomes a luatter of gnsit im]/ortance to the cane growei*. 

During tin* adult stagt* (d‘ the cane ]ilant there is aliuost a (oniinuons d<‘velo])- 
ment of roots, resulting in a constantly changing root syst«‘m which readily 
adjusts itself to changes in tlie environn.ent. 

Tf tlu' cane is ])revent<'d from tlius developing lU'W roots, it gradually loses 
vigour and dies. 

ft is desirable to work out for each vari(‘ty its tA])ical root system and lind out 
exactly where (in the soil) jind wlnuithe s(‘ri<‘s of succ(‘ssiY(‘ lu'w roots an* de- 
velo])ed. Such kno\vhMlg:e would mat(‘ri;dly hid]> in indicating beforehand the 
eonditions under which tlie variety is likelv to do its best. It would fnrfher be of 
gr«‘at usi‘ in gui<liiig uunuirial and euH/iiral opei’aiions w itb the maximum advan- 
tage' to the grow'iug crop. 

Self roots difler from sIhu>/ roofs in (ei*taiu re'-piM'ts, tlu' generally gn'atiu* growth 
vigour of tin* latter beinu tlu' most important dilTerenee. 

Tlu‘ obsev\ed dinerene(‘s l)etwe(‘n the Iavo classes of roots arise', it is suggested, 
fremi didVreuiee's in the' e-ondition of the' canes giving rise* to e'aedi class. 

OeT'tain int(T(‘stiuu adaptations in sugare*aii(‘ roots, such as aerotre)pie e*urva- 
tures and arrange'inents fe^r oTisiiriug an efbeient rooting, .n*(* briefly deseribe'd. 

The above gi’ound portions of pkmts have j.ont ree*eiving attention at the hands 
of lyjtanists ami crop sjeee-iabsts for some* c<)nside‘rabh‘ tim<‘. It is onlv in recent 
years that some' atteuitioii hy ne) means aeh'quate* has bee'ii directed to the' study 
of the chief unde'rgrouiid portie)us of ])lants. the' roof s. Te) the' agriculturist the' study 
of roots is of paramount importance', as it is only through tlu'in and wdth their hel]> 
that it is, ge'nerallv, possible to influence the growtli and ])rodurtioii of the' above, 
ground portions, wliieh sujeply praetieallv the whole' e)f the' feme! re'ejuirt'd by man 
ami beast. The elata ju-esented in this paper have' indieate'd eertain of the diree'- 
tions in whie'h knowle'dge of roots and root systeuns woulel be' e)f dire'ct be'iiefit 
to the cane grower. Be'tte*r and more work is uee'de'd to fully understand and in- 
fliienee to the advantage of mankind siieli a valuable' food crop his the* subject of 
this paper, the iugarcanr. 
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by F. J. Warth, m.sc., and Shari Kant Misra. Price, As. 9 or lOd. 
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Vol. X. No. VJI. 
Vol. XI, No. I. 

Vol. II, No. II. 
Vol. 11, No. III. 


Losses a.nd gains of Nitrogen in an Indian Soil studied in relation to the seasonal 
eomposition of well walers, and the bearings of the results on the alleged 
deterioration of soil fertility, by 11 A nor o M. Annett, f.i.c., m.s., 

E.A.n,, A. Pahmanarha Aij^ar, ba .and il\M Nar\y\n Kayasth, m.sc., 
B.Ag. IVl < . Its. J (U (|/L 

Some Dig( stibil]t\ Trials on Indian Feeding Stuffs, I’nt HI: So no Ihinj ib 
Hiys, by P. F. Landfr, m v , d sc , a.i c , and Pwoii Lxx. Citavd 
I liiARMwr. L \g , R sc ( V ) Piice, As 5 or Gd. 

The dH( 1 tn naiiun of the lie tr t il t 'ondui < ivity of the aqueous extract of 
So I as a rapi 1 rncuis of dete ting d-s [lobible Ferti itv, bv Asiiuiosii Sen, 
M. « Pile* , As. 4 or 0 f. 

Fei ding Exporirnents at Kirnal, by I . J. \VARrif, M.sc , and P. J. 

Pii ( , \ . s n MV/ 

“^oils of till' Pun| il) ])V l>i P L. Lenoir, ma o sc , vi( , llR H\mji 
N\r\ts. 1)'' . uni Ml II 1 X Mok vni> I.vi , b s(. . r Ag {[ n pre^^t ) 


Entoiuological Series 

Poni Nlw liuli III O i‘I MhLi '> b liu r P I 1 LI , riio (. itiiis Ps\lli 
Kiiw ), hv M Vi/u Hlsnin, Ms , m v. Pi if o, lie. 1 2 c r 

Braconid e Vipionine of South India, by T. V llvMV’vni iin v Ayyar, B a. 
1. 1 . i / 1*1 ( 1 1 ot H W 

Some New Indian Mi.nl e {Hi/ td c), b\ ' Uvilmid, h v, i.n^. ihice, A G 
oi > I 

ll.e Um‘ of ll^d'i.^ imi \( id tJis for f Ju I’limig ilioti of Aiui in m l’’otton on 
inifjoit jiUo lull'’ Lvp rinunt'* on its lethal powi i for the Mexican Boll- 
weevil ( Ihf/ionomif'^ p li It ) uid (or the (Jrun \v<e\il {Sit(}nhilu‘i oryzae) i 
on t he o\l< nt to who h il IS ib^oibi d l>v Uotton nid Jiili i< c ti v< Iv ; aud 
on H |ir\ctn.il inclliod tor «itisfictoi\ tuinigxtion on a lirgi* sf il' , by ■V. 
J\Mi-s luuNi It, M \ , II sc , ind O L Si n, m se. r ir., m ‘■c , wiDi i Foie- 
MOid by B C. Burt, m b l , u se Prieto, Ils. 2 eii >?. *t/ 

Studies on P^dy ha j)ss/pifPaf lundci-. ( Pink Bolluonn) in P c I imj ib, 
b\ ^oIIAs Si >(in l’iNi>ii\ M s( . Prif( !b. 1 lor2 3/ 

A( nitnbiit on t) Mir knoihd « ol the 'L’h\ ‘^anoptc i i of lidii P W 
llvMVK i UN V A I X 111, 1 h I* , I ,1/ Piie<,lvi l-')oi2s0t 

A List of the (hiK ri( Nunes ii^^cd foi Mi< role pidopte i/i, b\ '1. IUiyb'ioqb 
Fi I rriiKR, R \ , r L s , i j s., i.z s (I n the press ) 

Bacteriological Series 

A Bacteii il Soft Uot of (mrde.n Po[)p 3 , by C. S. Ham Vyyau, b. Pnee, 
As 5 Ol 0(/. 

Nitnhcatio’i of Calcium (Jyanxmnlo iii some Indian ‘>oils, by J. JI. Walton, 
M.A., M.sc. Price, \s. 10 or Is. 


Veterinary Series 


Vol. 

IV, 

No. 

I. 

Vol. 

IV. 

xNo. 

H 

Vol. 

IV, 

No. 

IH. 

Vol. 

IV, 

No. 

IV, 


'riio (jheniothcrapy of Surrx {l'rypa/ut\Qma hJinini lufen tions) of Horses and 
Cittlo in India, by J. T Fnw VRos, i).se-., M ii (’ v.s. Pnev, lla 4-2 or Is. 
Studies III 'I )Mi e L\ inph inufcis, b\ V. Kkisknamurm Vy\ ml Pnoo, Re. 1-2 
or 2 • 

inpanbluc xnd i eitam dithio aniline dernatnes. their « Ibcixcy in the 
treatnn nt ol Piropbisniejsra and other .iffectienis in tlic tVnliil Piovincea, 
}>y Majoi B F Suklinq, r ii o,v s., n v.s m , i / s , r v s. Prie o, As. 3 or id. 
Nasal (Tramuloma in Cattle in Bihar aud Oiisbi, b\ Pm S\nrD P. N Dis, 
Puce, A-. 3 01 4d. 


Bulletins issned by the Agcioultural Research Institute, Pus a 

No. 166. Sampling for Rice Yiold in Bihar and Onssa, by J. A. IIubback, t c.s. Prue , As. 7 or 9d. 
No. 167, A Scheme of Classilication of the Varieties of Rico Found in l^jiina, b} R. A. Beale. 
Price, As. 6 or 8d. 

No. 168. List of Publications on Indian Entomology, 1926 (compiled hytheCffg. ImpoiialEnto 
mologist and the Imperial Entomologist). Price, As. 10 or l«. 

No. 169. The Stem bleeding Disease of Arecanut (Arecn calec/iu) cause 1 by Thtslavtopsts pnradoza 
Von Hon., by S. Sundararaman, m.a., C. Krisiinan Nayar and T. S Ramakrishnan, 
M.A. Price, As. 9 or Is. 

No. 170. Seasonal Variations in the Germ Content of Milk at Pusa, by J. H. Walton, m. m sc. 
Price, Ab. 6 or Sd. 
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BnUetins issned by the Agricultoial Beseerob Institate, Fasa*»(»n{(2. 

Ko. 171. The Improvement of Indian Wheat. A Brief Summary of the Investigations carried out 
at Pusa from 1905 to 1024, including, an account of the new Pusa Hybrids, by Albxbt 
Bowabd, C.I.E., M.A., and Gabbikllk L. C. Howabd, hi.A. Price, As. 8 or lOd. 

No. 172. The Mechanical Analysis of Tropical Soils, by J. Cbablton, m.so., f.lo. Price, As. 3 oi 

4d , 

No. 173. Occurrence of Trichomonad Flagellates in the blood stream of Fowls, by Hugh Coopeb, 
M.R.C.V.S., and Amab Nath Gulati, m.sc. Price, As. 3 or id . 

No. 174. Unit System for Faim Buildings, by G S. Henderson, n.d.a., n.d.d. Price, As. 6 or 6d. 
No. 175. A Comparative Study of the methode of preparation of the Soil for the MichanicaJ 
Analysis, with a Note on the Pipette Method, by Amab Nath Pubi, ph d., and 

B. M. Amin, b.a. Price. As. 4 or 5d. 

No. 176. A Method of inoieasing tho Manurial Va) ic of Mahua Cake, by N. D. Vyas, L.Ag. Prioe^ 
As. 4 or (id. • 

No. 177. Root-roi and Sclcrotial Diseases of Wheat, by i.. S. Svrramanium, f.l.s. Price, As. 4 
or .Od. 

No. 178. A Study of the Locular Composition in Cambodia Cotton, by V. Ramanathan, L.Ag» 
Price, As. 7 or 9d. 

No. 179. A Leaf Spot and Blight Disease of O.i'ons, caused by Altemaria palandui nov. sp., by 

C. Ranoasvvami Ayyanoar. Price, ‘ a. 6 or 8d. 

No. 180. Stem-rot of Berseem, caused by Rhizoclonia Solani Kiihn, by Md. Taslim. Price, As. 8 
or IJd. 

No. 181. Life History, Bionomics and Control of Myllocerus maculo^us, Desb. (Curculionidae 
Cole( ptera), by Kidar Nath Trihan m.sc. (In the press .) 

No. 182, Investigations in tly Bacteriology of Si'.ipe (192G-27), by J. H. Walton, m.a., m.So. 
Price, As. 5 or inf. 

No. 183. A Milk Fermenting Yeast, by C. S. Ram Ayyar, b.a. Price, As. 5 or Od. 

No. 184. List of Publications on Indian Entomology, 1027 (compiled by the Imperial Entomologist). 

Pill c, As. (i or Od. 

No. 186. The Cultivation of Lao in the plains of India, Laccifera lacca , Kerr., by 0. S. Misra, b.a. 
(Revised Edition.) (In the prei * s .) 

No. 180. A Preliminary Note on the Rice crop in t’ e United Provinces, by R. L. Sethi. Price As. 7 
or 9d, 

No. 187. The Pioduclion of Cigautte Tobacco by Flue-Curing, by F. J. F. Shaw, d.sc., ar.o.8., 
F.L.S,, and Kashi Ram. (Pnet Re. 1 or I.**. Od.) 

No. 188. 1)< signs for Farm Buildings, by G. S. Hendtrson, n 1> A,, n.d.d. (Ptico As. 0 or 8d.) 

No. 189. Tho Improvement of Dharwar-American Cotton by Ilyl ridization, by R. K. Kulkarni, 
B.Ag., and T. R. Khadilkar, B.Ag. (In the press.) 

No. 190. Description of a New species, Dipylidivm ratvs n. sp., with a Note on the Genus Dipylidium 
Lcuckart, 18G3. by Amae Nath Gulati, m.sc. (In the press.) 

No, 191. Agricultural Implements and Machinery at Pusa, Part I: Cultivation Implements and 
Machinery, by G. S. Henderson, n.i-.a., n.d.d. and Arjun Singh, i .Ag. (In the press .) 
No. 192. Agricultural Implements and Maehineiy at Pusa, Pait 11; Harvesting and Thieshing 
Implements and Machinery, by G, S. Henderson, n.d.a,, n.d.d., and Arjun Singh, 

L.Ag. (In the pres9.) 

No. 193. Agricultural Irnplemenls and Machinery at Pusa, Part HI : Special and Miscellaneous 
Implements and Machinery, by G. S. Henderson, n.d.a.. n.d.d., and Abjun Singh, 
L.Ag. (In the press.) 

No. 194. Agncultural Implements and Machinery at Pusa, Part IV : Power Implements and Machin- 
ery, by G. S. Henderson, n.d.a., n.d.d., and Arjun Singh, L.Ag, (In ike press .) 


Books 

Wheat in India, by Albert Howard, m.a., a.r.c.s., f.l.s., and Gabrielie L. C. Howard, m.a Price, 
Rs. 5 or Is . Gd. 

A Description of the Imperial Bacteriological Laboratory, Mnkt^Mar ; Its Work and Produels, by 
Major J. I), E. Holmes, m.a., d.sc., m.r.c.v.s. Price, As. 8 or 9d. Hindi and Uidu 
Editions, Us 2-4 each. 

Agriculture in India, by James Mackenna, m.a., i.c a. Price, As. 4 or 5d. 

Some Diseases of Cattle lu India. A Handbook for Stock-owneia. (Revised in 1927.) Price, Re. 1-4 
or 2s. 

Report on the lliseiises of Silkworms in India, by A. Prtnole .Hmksoe. u sc. Price, R«. 3, 

The Importance of Bacterial Action in Indigo Manufacture, by C. M. Hutchinson, b.a« Price, As. 2. 


Notice 

All new publications are included in the above list and are regularly posted to all on the mailing 
list a« soon ns ianued. Uolesp coniplaintH of non-receipt of any pubUention are received by the Mana- 
ger, Go veoimoui of India CeoiraJ I'nblicaiion biuiich. Imperial Secretariat Puilding, 3, Government 
Place, West, Cilcutta. uifhin six months oi ll e d He of issue, duplicate copies can be supplied only on 
payment of cost and postage. 
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